Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


► 


1rt^^\V 


HARVARD  UNIVERSITY 

LIBRARY   OF  THE 

Department  of  Mining 
and   Metallurgy 


THE 


SCHOOL  OF  MINES 


QUARTERLY, 


JOURNAL   OF    APPLIED    SCIENCE. 


Vol.  XIII. 


November,  1891,  to  July,  1892. 


COLUMBIA  COLLEGE, 

NEW  YORK  CITY. 

I892.C'  ^/  '.  3  . 


Pjia.?l7 


(Vu-^Wa^wA^ 


MAY  19  1908 


EDITORS. 


A.  J.  Moses,  Manager^  E.  Waller, 

J.  L.  Greenleaf,  N.  L.  Britton, 


ASSOCIATE  EDITORS. 


T.  Eglbston,  W.  p.  Trowbridgh,  J.  K.  Rsrb,  H.  S.  Munrob,  F.  R.  Hutton, 

P.  DB  p.  RiCKBTTS.   M.  W.  IlBS,   H.  B.  CORNWALL,    P.  T.  AUSTBN. 

C.  M.  RoLKBR,  J.  A.  Church,  W.  B.  Pottbr, 
S.  A.  Rbbu,  W.  B.  Dbvbrbux. 


SCHOOL  OF  MINES 
QUARTERLY, 

VOL  XIII. 

November,  xSgz,  to  July,  1892. 
AUTHORS'  INDEX. 

PAGE 

Aquillon,  M.,  Mine  Ropes 28 

Brosnas,  Francis  X.,  Harbor  Improvements  on  the  Pacific  Coast 56 

DKCHrhK,  J.  A.,  Ph.B.,  \.^.^  Digest  of  the  Studies  made  on  the  Nature  of  the 

"  Organic  Non-Sugar'''*  in  Saccharine  Products *. 312 

Egleston,  Thomas,  VwXi.y  Ancient  Methods  of  Dirnding  and  Recording  Time 

in  Japan 299 

Gould,  B,  A.,  Remarks  on  Rutherfurd  Star  Plates 145 

Gripper,  Harold,  F.C.S.,  A  Rapid  Method  of  Determining  the  Composition 

of ' Lubricating  Oils 239 

Hamlin,  A.  D.  F.,  The  Shadoivofa  Circle. ^  14 

HiNMAN,  BkrtranI)  C,  PotassiuM  Tetraoxalate  as  a  Standard  in  A ci dime- 
try  and  Alkalimetry 335 

Hu^iASON,  Thomas  Arthur,  A.M.,  The  Spherometer-Caliper 341 

Jacoby,  Harold,    Table  for  the  Reduction  of  Transit- Obserration^  by  the 

Method  of  Least  Squares 169 

Kemp,  J.  P.,  The  Filling  of  Mineral  Veins 20 

Knox,  James  Mason,  A  Simple  Substitute  for  the  Kipp  Gas  Generator 242 

Love,  E.  G.,  The  Valuation  of  Fuel- Gas 97 

LUQU^R,  Lea  McI.,  C.E.,  Methods  of  Modern  Petrography 357 

Contributions  from  Miner  a  logical  Laboratory  of  Columbia  College 236 

Mann,  C.  R.,  Transit  Factors  for  Columbia  College  Observatory 154 

Massa,  C.  G.,  C.E.,  Methods  of  Measuring  Angles  by  Arcs  and  by  Single  Angle  125 

McKiNLAY,  Jas.  M.,  Rectification  of  the  Crank'pin  Curve 333 

Miller,  Edmund  H.,  Ph.B.,  A.M.,  The  Assay  of  Tin 368 

MoNELL,  J.  T.,  C.E.,  The  Ten-inch  Fauth  Direction  Instrument. 104 

Transit  Factors  for  Columbia  College  Observatory 1 54 

Moses,  A.  J.,  Alabandite  from  Arizona^  and  Wavellite  from  Florida 236 

Mineralogical  Abstracts 255 

Parraca,  C.  F.,  The  Inter-Continental  Railway I 

PUPIN,  M.  I.,    The  Characteristic  Features  of  the  Frankfurt  Electrical  Exhi- 
bition   36 

Rees,  John  K.,   Preliminary  Notice  of  the  Reduction  of  RuiherfurcTs  Star 

Plat€s , 142 


IV  — 

PAGE 

Starek,  Emil,  The  Glycerine  and  Artificial  Butter  Industry  under  United 

States  Patents 131 

Struthers,  JosEl'H,  Pyrometer  of  Af.le  Chatelier  (Supplement) 221 

Trask,  GEORfJE  F.  D.,  The  Path  of  a  Locomotive  Crank  pin 223 

Trovvkridck,  Prof.  W.  P.,  Formula  for  Water-Po7oer 209 

Topographical  Surx'ey  of  the  State  of  Ne^u  York 210 

Van  AmriN(;e,  J.  H.,  Professor  William  G.  Peck 257 

VuLTE,  H.  T.,  Ph.D.,  Soap,  Its  Fabrication  and  Analysis 243 

Analysis  of  Chromile 225 

Waller,  E.»  Analysis  of  Chromite 225 

Abstracts  Analytical  Chemistry 72-174,  282,  380 

Weed,  Walter  Harvey,  The  Fossil  Forests  of  the  Yello^vstone 230 

Wiechmann,  K.  G  ,  Ph.D.,  A  Crystalline  Mai^ma  of  Invert-Sngar 149 

Sucrose,  Dextrose,  Ln'ulose^  their  Quantitative  Determination^ 1 97 

Wood,  Herbert  R.,  M.A.,  Notes  on  Sampling 364 

SUBJECT  INDEX. 

AH  Abstracts  are  printed  in  Italics ;  and  those  relating  to  minerals  or  to  chemical 
analysis  appear  only  under  the  headings  Mineralogy  and  Analytical  Chemistry. 

Acidimetry  and  Alkalimetry,  Potassium-tetraoxalate  in 335 

Acids  in  Organic  non-sugar 313 

Alabandite  from  Tombstone,  Ariz.ona 237 

Alloys  for  Bearing  Metal .„ 272 

Alternating  Currents,  the  Three-Phase  System 41 

Aluminum 268 

American  Blast- Furnaces 82 

Analysis  of  Soap 246 

Analytical  Chemistry  Abstracts : 

Acidimetry  and  Alkalimetry 175 

Alkalimetric  Solutions^  Standardizing 380 

Alumina y  Separation 74 

in  Phosphates 73.285.385 

in  Fertilizers 176 

Aluminum 1/7.  284 

Commercial. 177?  283 

in  Iron  and  Steel. 74 

Separation  from  Fe  and  Cr 74,  285 

A malga ms^  Electrolytic  Determination  of  Metals  as 77 

Ammonia  Solution^  Testing. 380 

Analysis,  Quantitative 72 

Analytical  Separation  of  Arsenic^  Mercury,  etc 178 

Antimony 75,  78 

Ores 76,  287 

Separation  from  Arsenic,  etc 76,  382 

Arsenic  and  Antimony 76,  382 

in  Gray  Copper 7^ 

Detection  of 178 

Mercury,  etc. y  Analytical  Separation 178 


PAGE 

Arsenic,  Sensitivemss  of  Various  Tests  for 179 

Testing  Iron  for 178 

Arsenides,  Oxidation  by  Electric  Current. 287 

Asbestos  in  Filtration 282 

Barium.  Peroxide,  action  of 174,282 

Baryta,  from  Lime 73 

Bismuth 78 

and  Cadmium^  Separation 178 

and  Lead,  Separation 178 

Boric  Acid,  Estimation  of. 79 

in  Waters 79 

Bromine 289,  383,  384 

**  Bumping,"  Remedy  for 174 

Cadmium  and  Bismuth,  Separation 178 

in  Alloys 288 

Separation 77 

Calcium  from  Barium 73 

from  Strontium 283,  381 

from  Iron  and  Manganese 286 

in  Phosphates 385 

Carbazol  test.  Nitrates  by 79 

Cerous  Oxide  Reactions 383 

Chlorates 79 

Chloric  Acid  in  Chlorates 388 

Chlorine 383.384 

Chromite,  Decomposition 177 

Chromium 74,  284,  285 

Chrome  Yellow,  Determination 75 

Cobalt  in  Manganese  Ores 286 

Copper,  Delicate  Reaction 75 

and  Iron 284 

and  Nickel  in   Ores 381 

Electrolytic  from  Mercury 78 

Crucibles  andother  Apparatus 72 

Dichromate  Titration  of  Iron 285 

EUctric  Light  Current  in  Laboratory  Work 282 

Electrolytic  Separation  of  Iron 76 

Determination  of  Metals  as  Amalgams 77 

Ferric  Oxide,  from  Alumina 74 

in  Phosphates 385 

Ferrochrome,  Analysis 285 

Ferro-^anides,  Determination 80 

Ferro-cyanide  Titration  of  Zinc 178 

Fertilizers,  Alumina  and  Iron  Oxides  in 176 

Filtration,  Asbestos  in 282 

Fluorine  Estimation 384 

in  Phosphates 386 

Galena  Analysis 382 

Glass  for  Chemical  Apparatus 380 


VI  

rAGB 

Glass,  Solubility  of  in  IVater 174 

Gold^  Hydroxylamine  Hydrochloride  for 383 

in  Alloys 288 

Gun  CotloHf  etCf  Examination  of 79 

Halogens^  Separating 78 

Hydrobromic  Acid,  Preparing 174 

Hydrogen  Peroxide  as  Reagent, 174 

Hydroxy  la  mine  Hydrochloride  for  Gold  and  Silver 383 

Ifisoluble  Matter^etcin  Phosphates 385 

Iodine,  Determination 289 

Bromine  and  Chlorine  Determination 383,  384 

Iron 177 

and  Copper 284 

Colorimetric,  Small  Quantities 176 

Dichromate  Titration 285 

Electrolytic  Separation ^(> 

in  Bone  Black 381 

in  Phosphates .....73,  17^,  285 

Manganese  and  Calcium,  Separation 286 

Separating  from  Aluminum  and  Chromium 74,  285 

Titration 381 

Lakmoid^  Making 175 

Lead,  Determination 77 

in  Galena 287,382 

Separating 178,  382 

Magnesia  in  Phosphates 3^^ 

Afanganese  in  Slags  and  Ores 75 

Separation I77>  286 

and  Zinc,  Separation  of 75*  ^^^ 

Masrium  (possible  new  element) 388 

Mercury,  Arsenic,  etc,.  Analytical  Separations 178 

Electrolytic  from  Copper 7^ 

Atinerals^  Examination 282 

Molybdenum,  Determination 288 

atul  Tungsten 383 

Molybdic  and  Tungstic  Acids,  Determination 76 

Nickel,  etc.  Volatility 75 

in  Ores 381 

Nitrates  by  the  Carbazol  Test 79 

and  Chlorates,  Detection 79 

Nitric  Nitrogen  and  Total  Nitrogen 180 

Nitrous  Acid,  Estimation 289 

Organic  Matterin  Water 181 

Oxidation  of  Mineral  Arsenides  by  Electric  Current, 287 

Phosphates,  Analysis  Natural. 385 

Iron  and  Alumina  in 73,  285 

Phosphoric  Acid  in  Slags 180 

in  Phosphates..  385 

Reverted. 386 


Vll  — 

PAGC 

Phosphoric  Acid^  Uranium  Titration 386 

Volumetric 387 

Phosphorus  in  Iron 78,  180 

in  Iron  and  Ores^  Rapid, .". 387 

by  Acidimetric  Titration  of  the  Molybdate  Precipitate 288 

Platinic  Chloride  Impurities 380 

Platinum^  etc..  Separation  from  the  Non-Noble  Metals 1 79 

Potassium  Estimation 380,  381 

F^rro-  and  Ferricyanide  as  Reagents 174 

Spectroscopic  Determination 283 

Quantitative  Separation  of  HtS  Group  in  Current  of  Bromine 382 

Quantitative  Analysis,,. 72 

Silica  in  Clay 387 

in  Presence  of  Iron 180 

in  Substances  containing  Fluorine 180 

Silicon,    Total. 284 

Silver^  Hydroxylamine  Hydrochloride  for, "^83 

in  Galena  and  Blende 287 

Slags^  Phosphoric  Acid  in 180 

Sodium  AluminatCt  Analysis -. *..  74 

Solubility  of  Glass  in  Water, 174 

Strontium  and  Calcium,  Separation 283,  381 

Sulphur  Estimation 179 

in  Galena 3S2 

in  Iron  and  Steel, 78 

Tellurium,  Volumetric 288 

Thallium,  Determination  of. 179 

Tin,  in  Gray  Copper  Ore,  etc 79 

Arsenic  and  Antimony  Separation 382 

in  Alloys 288 

Titanium 284 

Colorimetric  for 177 

Decomposing  Minerals  containing, 177 

Titration,  Dichromate  for  Iron 285 

Acidimetric  of  the  Molybdate  Precipitate  for  Phosphorus 288 

Tungsten  and  Molybdenum 383 

Tungstic  and  Molybdic  Acids,  Determination  of 76 

Waters,  Boric  Acid  in , 79 

Organic  Matter  in 181 

Total  Solids  in 80 

Zinc,  Determination 77 

Ferro-cyanide  Titration 178 

in  Galena  and  Blende 287 

and  Manganese,  Separation  of. 75,  286 

Separation 77 

Angles,  Methods  of  Measuring 129 

Antimony 268 

Arti6cial  Butter 139 

Basic  Lining  Applied  to  Copper  Refining, 91 


—  Vlll  

PA.CB 

Bearing  Metal  Alloys .• 272 

Bibliography,  Soap  Analysis 297 

Blast- Furnaces^  American ." 82 

Blast-Fumace  Practice .< 273 

Rlast> Furnace  Sampling ; 367 

Book  Reviews: 

Anleitung  zur  Darstellung  Chemischer  Prsparate.     Von  Dr.  Hugo  Erd> 

mann,  der  Universitftt  Halle.  F.  on  M 94 

Experiments  for  Students  in  General  Chemistry.     By  Edgar  F.  Smith, 
University  of  Pennsylvania,  Philadelphia.     Harry  F.  Keller,  Michigan 

Mining  School.     Houghton.     Second  Edition,  enlarged 95 

Laboratory  Manual  of  Chemistry.     By  James  E.  Armstrong,  Principal  of 
Lake  High  School,  Chicago,  and  James  H.  Norton,  Principal  of  I^ke 

View  High  School,  Chicago... 292 

Laboratory  Practice.     By  Josiah  Parsons  Cook,  LL.D.,  Harvard  Univer- 

sity 94 

Manual  of  Mining      By  M.  C.  Ihlseng,  C.E.,  E.M.,  Ph.D.,  Professor  of 

Engineering,  Colorado  State  School  of  Mines 290 

Methods  of  Gas  Analysis.    By  Dr.  Walther  Hempel.    Translated  from 

second  German  edition,  by  G.  M.  Dennis 189 

Modern  American  Methods  of  Copper  Smelting.     By  E.  D.  Peters,  Ji*., 

M.E.,  M.D.     Second  Edition 190 

Phosphates  of  America.     By  Francis  Wyatt,  Ph.D.    Second  Edition 187 

Briquettes  from  Lignite, 181 

Bronze  Buttons 377 

Bulletin  of  Alumni  and  College  News  : 

Appointments 389 

Architecture,  Department  of 296 

Astronomy 195,  295.  389 

Biology 390 

Engineering 19a,  294 

Mineralogy  and  Metallurgy 193,  293 

Physics 194,  294 

Prize  Essay  on  Electricity,  etc 293 

School  of  Pure  Science 389 

University  Council 389 

Bullion  Sampling 367 

Butter,  Artificial,  under  U.  S.  Patents 131 

Canada  Balsam  for  Mounting  Rock  Sections 362 

Ca^ingy  Steel, 280 

Chrome  Steely  Manufacture,  Uses,  and  Chemical  Analysis 28 1 

Chromite,  Analysis  of. ; 225 

Circle,  the  Shadow  of. 14 

Cleaning  and  Finishing  Rock  Sections 363 

Coke .• 273 

Columbia  College  Observatory,  Transit  Factors  for 154 

Columbia  River  Improvements 7^ 

Converter  for  Copper  Matte 277 

Coos  Bay  Improvements 66 


IX  

PAGE 

Copper,  EUcirolytic  Extraction 275 

Copper^  Basic  Lining  Applied  to  Refining  of, 91 

topper  Smelting. 87 

G)qQille  River  Improvements 71 

Crank-pin,  Path  of  Locomotive ^ 223 

Crank  pin  Curve  RectiBcat ion 333 

Cryolite  Method  for  Tin 376 

Cupel-furnace  Sampling 368 

Cyanide  Method  for  Tin 374 

Dextrose 197 

Direction  Instrument,  Ten-inch  Fauth 104 

Dump  Sampling 366 

Electrical  Exhibition  at  Frankfurt 36 

Electrical  Standards^  Report  of  Committee  in  England  on 185 

Electricity  in  Mining 183 

Electric  Motors  in  German  Mines 184 

Faulh,  Ten-inch  Direction  Instrument 104 

Fine-dust  Sampling 3^^ 

Formula  for  Water  Power 209 

Fossil  Forests  of  the  Yellowstone 230 

Frankfurt  Electrical  Exhibition 36 

Fuel. 273 

Fuel-gas,  Valuation 97 

Furnaces,  Description  of  Roaster 88 

Furnace,  Open  Hearth  Steel, 280 

Gas  Generator,  Substitute  for  the  Kipp 242 

German  Method  for  Tin  Assay 372 

German  Mines,  Electric  Motors  in 184 

Glycerine  Industry  under  U.  S.  Patents 131 

Grinding  Sections 358 

Gum  Damar  for  Mounting  Rock  Sections 361 

Harbor  Improvements  on  the  Pacific  Coast 56 

Hoisting  Water  from  Flooded  Slopes 181 

Humboldt  Bay  Improvements 64 

Inter-Continental  Railway i 

Invert-Sugar,  Crystalline  Magma  of 149 

Iron,  Continuous  Sheets 84 

Iron  and  Steel,  Effect  of  LoTit  Temperature 86 

Iron   Ores 80 

Japanese  Time  Methods 299 

Kipp  Gas  Generator,  Substitute  for 242 

Lead. 278 

Least  Squares,  Method  of,  for  Reduction  of  Transit  Observations 169 

Levulose^ 197 

Lignite^  Briquettes  from i8l 

Locomotive  Crank-Pin,  the  Path  of 223 

Lubricating  Oils,  to  Determine  Composition  of. 239 

Malleable  Iron  and  Steel,  Continuous  Sheets  of. 84 

Matte  Sampling 366 


PACK 

Metals,  the  Source  of. 20 

Mine  Ropes 28 

Mine  Sampling 364 

Mineral  Veins,  the  Filling  of 20 

Mineralogical  Abstracts : 

Crystal  Models^  Constructing  by  Plaiting^  266 ;  Rapid  Method  for  Deter- 
mining Sulphides^  Antimonides,  Arsenides  and  Double  Compounds  0/  these 
Bodies  with  Metals^  267. 
Species, -/^i//*///^,  255;  Amphibole  (Griinerite),  2$$;  Analci/e^  2$^  ;  Anor- 
thite  from  Japan t  255;  Antleritey  256;  Aragonite^  2^6\  Arsenopyrite^ 
256 ;  Astophite^  256 ;  Atacamite^  of  Chili,  256 ;  Barite^  256  ;  Bertrandite, 
256;  Beryl,  2^6  \  Bloedile,  of  Chili,  2$T  \  Boleite,2$T;  Boumonite,  2$$; 
Calcite,  258 ;  Cassiterite,  258  ;  Celestite,  258 ;  Cerussite^  258 ;  Chabazite, 
258;  Chemawinite,  258;  Chloritoid,  259;  Christobaltite,  259;  Darapskite, 
259;  Diamond,  259;  Elaierite,  259;  Eucairite,  260;  Footeite,  209;  (?tf«^- 
phyllite,  260 ;  Hematite,  2(30  \  Hyalophane,  260;  Ilvaite,  260;  lodochro- 
mate,  260;  Z?/*/^,  260;  Iron,  261  \  Jeremejejffite,  261;  Lautarite,  261 ; 
Luzonite,  261 ;  Magnesio-ferrite^  261  ;  Marcasite,  261 ;  Melanophlogite, 
261;  Morinite,  262  \  Nat rolite,  262  \  Octahedriie ^  2(i2  \  Orpiment,  262  \ 
Paramelaconite^  262 ;  Painterite,  263 ;  Penninite^  263 ;  Piedmontite, 
263  ;  Polydymite,  263 ;  Pyrophanite,  263  ;  Phacolite,  258 ;  Quartz^  264 ; 
Realgar,  264 ;  Rhodizite,  264 ;  Riebeckite,  264  ;  Rotvlandite,  264 ;  Rumpf 
ite,  264 ;  Scolecite,  264 ;  Sigterite,  264 ;  Sulphur,  265  ;  Svabite,  265 ; 
Titanite,  265 ;  Ullmanite,  26$ ;  Umangite,  265 ;  Uraninite,  265 ;  Urano* 
thorite,  265  ;  Vesuvianite,  266 ;  Vivianite,  266  ;  Wolfsbergite,  266 ;  W^<7/- 
lastonite,  266. 

Mining,  Electricity  in 183 

Mounting  Rock  Sections 360 

New  York,  Topographical  Survey 210 

Oakland  Harbor  Improvements 62 

Oils,  Composition  of  Lubricating ;.     239 

C?/^»  Hearth  Steel  Furnace 280 

*  Organic  Non-sugars,"  Studies  in 313 

Pacific  Coast- Harbor  Improvements 56 

Patents  for  Glycerine  and  Artificial  Butter 131 

Peck,  Professor  William  G.    Obituary  Notice 251 

Pig'Iron,  the  Elimination  of  Sulphur  from , 83 

Potassium  tetraoxalate  as  Standard  in  titration 335 

Pyrometer  of  M.  le  Chatelier 221 

Railway,  the  Inter-Continental i 

Reduction  of  Rutherfurd's  Star-Plates 142 

Refractory  Materials 80 

Report  of  Committee  on  Electrical  Standards^  England. 1 85 

Roaster  Furnaces 88 

Rock  Section  Work 357 

Ropes  for  Mines 28 

Rosin,  Determination  of. 248 

Rutherfurd's  Star-Plates,  Reduction  of 142 

Saccharine  Products,  Oi^anic  Non-Sugars  in 313 


XI  

FAGB 

Sampliiig 364 

San  Diego  Harbor  Improvements 58 

Shadow  of  a  Circle 14 

Sheets  of  Malleable  Iron  and  Steel. 84 

Slag  Sampling 366 

Smelter  Sampling 366 

Smelting,  Copper 87 

Soap,  Fabrication  and  Analysis 243 

Softening  Furnace  Sampling 367 

Spherometer-Caliper 341 

Star-Plates,  Reduction  of  Rutherfurd's , 142 

Steel  Casting 280 

Chrome,  Manufacture,  Uses  and  Chemical  Changes 281 

Continuous  Sheets 84 

-Effect  of  Law  Temperature 86 

Furnaces,  Open  Hearth 280 

Sucrose 197 

Sugar,  Crystalline  Magma  of  Invert 149 

Sulphur  Elimination  from  Pig-iron 83 

Survey,  Topographical,  of  New  York 210 

Tables  for  Reduction  of  Transit  Observations  by  the  Method  of  Least  Squares..  169 

Tanks  for  Hoisting  Water  from  Flooded  Slopes 181 

Three-Pbase  System  of  Alternating  Currents ^ 41 

Time  Recording  in  Japan 299 

Tin  Assaying 368 

Tin 280 

Topographical  Survey  of  State  of  New  York 210 

Transit  Factors  for  Columbia  College  Observatory 154 

Transit  Observations,  Tables  of  Reduction 169 

Valuation  of  Fuel-Gas 97 

Veins,  Filling  of  Mineral 20 

Vein  Sampling 364 

Water  Power,  Formula  for 209 

Warellite  from  Florida 238 

Wilmington  Harbor  Improvements 59 

Wiring  in  Mines 184 

Yaquina  Bay  Bay  Improvements 68 

Yellowstone,  Fossil  Forests  of 230 

Zinc  Pots,  Sampling 367 


Registered   at   ttoe    Ne-w  York  Post  Office  as  Second  Class  Matter. 


Vol..  XI II.  ^°- 

THE 

SCHOOL  OF  MINE 

QUARTERLY. 


A 
OF    APPWKD    SCIBl^CE. 


<«••> 


.      T,  o         JM      W     J#<^M  (Munagins  Editor),  J.  T..  QreeuUaf,  N.  i.  BrUton.  E. 

f^r,  ».  '*'"'''^''.\f,'*,'  ^%^T     s.  Newberhy.  T.  Egleston,  W.  P.  'Jrowbkiuge,  H.  S. 
AS^OCIATF,   ^'^'  »^^^^    ^p      R.cKETTs,  M.  W.  Ilhs,   H.   B.   Cornwalx..  J.   A.  Ch 
,..^^   F.    R.    "^T^;^-"'«^^J^w     B.DEVEKEtx.  J.  M.Adams,  H.M.Wilson.  J.  C.F.RANn 
\V.  B.  P.'XTEK,   ^^.  A.   Reed,   >^ . 


I.  K.  Keks. 


NOVEMBER,  1891. 


CONTENTS: 

-     ^^1-^1  Railway.     By  C.  F.  Parraga 

The  Int«=^-C<>""»*"!*;,^     By  A.  D    F.  Hamlin 

The  Shadow  ^f^J^        ,  veins.     By  J.  F.  Kemp 

The  Filling  of  Mir»cra«  

Mine  Ropes .'"  Wi»tures  of  the  Frankfurt  Electrical  Exhibition.    B; 

The  Characteristic  Keatur 

M.  I.  Pupin »l"on  the  Pacific  Coast.     By  Francis  X.  Brosnan 

Harbor   Improvet«er»ts    o  

Abstracts 

Book   Reviews 

COLUMBIA  COLLEGE 

NEW  YORK  CITY. 
I  891. 

YEAR  FIFTY  CENTS  PER  NUMl 

TWO    r> 


PRIVE.  $S.0O, 


ELECTRIC    LICHTER-    nira  MEmcAlcoit. 

iaconiplL'tvJiiilxeLr.  TheCurrem  of  E1i«CriuiU  i^^vQcraled  by  Otaemlcsl  Acllou.  [t< 
'II  ni-MK  iiU'lii:-.  The  coral niciUiti  ts  stniplt  hi  iht  eitrcme,  A  child  can  optralo  il, 
the  CuDin  Kixl.  ilii-  rurrcnt  uf  Klti-iricity  i;  ctneralei],  and  thi-  Itghl  Is  inMsnunou.-'. 

eCOMOMV 


^ 

m^ 

......^Ss 

CO.!'  "■•SBSS;-;;;'; 

NEW    VORK. 

BARR  ELECTRIC  MFC 

19    BROAUWAV. 

or  HI 

K3QC. 

17    anrt 

1 

WOBSa,  PATBBSON,  NEW  JBB8E7. 

Office,  100  and  102  Reade  Street,  New  York. 


FILES  AND  RASPS^ 


OF  SUPERIOR  QUALITY. 


We  make 

aUALITY 

and 

FINE  WOEK- 

HANSHIF 

our  first 

conBideration. 


IllnitifttBdCBtil 
■ntiled  an  receipt 
e«nti  poitage. 


Leading  houses  throughout  the  United  States  dealing  in  Hard-w 
or  Machinists'  Supplies  carry  our  Files  in  stock. 


THE 


SCHOOL  OF  MINES 
QUARTERLY. 


Vol.  XIII. 


NOVEMBER,   1891. 


No.   I. 


THE  INTER-CONTINENTAL  RAILWAY. 

By  C.  F.  PARRAGA. 

During  the  sessions  of  the  Pan-American  Congress,  held  in 
Washington,  in  the  year  1889,  one  of  the  many  important  topics 
taken  up  for  discussion  was  that  of  an  Intcr-continental  railroad, 
which  should  unite  by  a  continuous  line  all  the  nations  of  the 
American  continents.  For  this  purpose  a  committee  was  appointed 
to  carefully  study  the  subject,  and  as  the  result  of  its  extensive 
report  the  following  recommendations  were  adopted  : 

The  International  American  Conference  is  of  the  opinion: 

First.  That  a  railroad  connecting  all,  or  a  majority,  of  the  nations 
represented  in  this  conference  will  contribute  greatly  to  the  devel- 
opment of  cordial  relations  between  said  nations,  and  the  growth 
of  their  material  interests. 

Second.  That  the  best  method  of  facilitating  its  execution  is  the 
appointment  of  an  international  commission  of  engineers  to  ascer- 
tain the  possible  routes,  to  determine  their  true  length,  to  estimate 
the  cost  of  each,  and  to  compare  their  respective  advantages. 

Third.  That  the  said  commission  should  consist  of  a  body  of 
engineers  of  whom  each  nation  should  appoint  three,  and  which 
should  have  authority  to  divide  into  sub-commissions,  and  appoint 
as  many  other  engineers  and  employes  as  may  be  considered  neces- 
sary for  the  more  rapid  execution  of  the  work. 

Fourth.  That  each  of  the  governments  accepting  may  appoint, 
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at  its  own  expense,  commissioners  or  engineers  to  serve  as  auxil- 
iaries to  the  sub- commissions  charged  with  the  sectional  surveys 
of  the  line. 

Fifth.  That  the  railroad,  in  so  far  as  the  common  interests  will 
permit,  should  connect  the  principal  cities  lying  in  the  vicinity  of 
its  route. 

Sixth,  That  if  the  general  direction  of  the  line  cannot  be  altered 
without  great  inconvenience,  for  the  purpose  mentioned  in  the  pre- 
ceding article,  branch  lines  should  be  surveyed  to  connect  those 
cities  with  the  main  line. 

Seventh.  That  for  the  purpose  of  reducing  the  cost  of  the  en- 
terprise, the  existing  railways  should  be  utilized  as  far  as  is  prac- 
ticable and  compatible  with  the  route  and  conditions  of  the  conti- 
nental railroad. 

Eighth.  That  in  case  the  results  of  the  survey  demonstrate  the 
practicability  and  advisability  of  the  railroad,  proposals  for  the  con- 
struction, either  of  the  whole  line  or  sections  thereof,  should  be 
solicited. 

Ninth.  That  the  construction,  management,  and  operation  of  the 
line  should  be  at  the  expense  of  the  concessionaires,  or  of  the 
persons  to  whom  they  sublet  the  work,  or  transfer  their  rights, 
with  all  due  formalities,  the  consent  of  the  respective  governments 
being  first  obtained. 

Tenth.  That  all  materials  necessary  for  the  construction  and 
operation  of  the  railroad  should  be  exempt  from  import  duties, 
subject  to  such  regulations  as  may  be  necessary  to  prevent  the 
abuse  of  this  privilege. 

Eleventh.  That  all  personal  and  real  property  of  the  railroad 
employed  in  its  construction  and  operation,  should  be  exempt  from 
all  taxation,  either  national,  provincial  (State),  or  municipal. 

Twelfth.  That  the  execution  of  a  work  of  such  magnitude  de- 
serves to  be  further  encouraged  by  subsidies,  grants  of  land,  or 
guaranties  of  a  minimum  of  interest. 

Tltirteenth.  That  the  salaries  of  the  commission,  as  well  as  the 
expense  incident  to  the  preliminary  and  final  surveys,  should  be 
assumed  by  all  the  nations  accepting,  in  proportion  to  population 
according  to  the  latest  official  census,  or,  in  the  absence  of  a  cen- 
sus, by  agreement  between  their  several  governments. 

Fourteenth.  That  the  railroad  should  be  declared  forever  neutral 
for  the  purpose  of  securing  freedom  of  traffic. 


THE  INTER-  CONTINENTAL  RAIL  WA  K  3 

Fifteenth.  That  the  approval  of  the  surveys,  the  terms  of  the 
proposals,  the  protection  of  the  concessionaires,  the  inspection 
of  the  work,  the  legislation  affecting  it,  the  neutrality  of  the  road, 
and  the  free  passage  of  merchandise  in  transit,  should  be  (in  the 
event  contemplated  by  article  eighth)  the  subject  of  special  agree- 
ment between  all  the  nations  interested. 

Sixteenth,  That  as  soon  as  the  government  of  the  United  States 
shall  receive  notice  of  the  acceptance  of  these  recommendations 
by  the  other  governments,  it  shall  invite  them  to  appoint  the  com- 
mission of  engineers  referred  to  in  the  second  article,  in  order  that 
it  may  meet  in  the  city  of  Washington  at  the  earliest  possible  date. 

In  accordance  with  these  recommendations,  the  Government  of 
the  United  States  invited  the  various  American  nations  to  appoint 
engineer  commissioners  and  to  meet  in  Washington.  This  was 
done  by  the  nujority  of  nations,  and  the  Commission  was  organ- 
ized on  the  4th  of  December,  1890,  with  Mr.  A.  J.  Cassatt,  repre- 
senting the  United  States,  as  president  of  the  Commission. 

The  Commission  was  divided  into  committees  to  study  the 
many  subjects  connected  with  an  enterprise  of  such  magnitude. 
The  principal  topics  studied  by  the  Commission  were :  The  line  to 
be  chosen  for  study  in  the  field  that  would  best  fulfill  the  general 
conditions  as  expressed  in  the  foregoing  recommendations,  and  at 
the  same  time  serve  the  best  interests  of  each  and  every  country, 
and  of  the  capital  that  will  be  invested  in  the  enterprfse ;  the 
organization,  equipment  and  dispatching  of  the  necessary  expedi- 
tions to  survey  the  line  chosen,  and  to  gather  the  data  needed  to 
demonstrate  the  practicability  of  the  road. 

The  general  route  was  chosen  and  analyzed  as  follows,  taking 
in  consideration  that  whenever  possible  the  existing  lines  are  to 
be  utilized,  which  is  done  in  the  whole  of  the  section  of  the  United 
States  and  Mexico,  whose  line  is  practically  completed  to  the 
frontiers  of  Guatemala : 

United  States  and  Mexico. 

The  existing  railways  in  Mexico  connect  the  railway  system  of 
the  United  States  with  the  City  of  Mexico.  A  line  of  railroad  is 
projected  and  has  been  surveyed  from  the  City  of  Mexico  to 
Ayutla,  on  the  frontier  of  Guatemala.  The  city  of  Ayutia  has. 
therefore,  been  .selected  as  the  point  from  which  to  start  the  sur- 
veys southward. 
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Guatemala. 

From  Ayutla  the  line  will  run  parallel  to  the  Pacific  coast, 
through  Retalhuleu  and  Mezatenango  to  Santa  Lucia;  thence 
a  branch  of  the  Guatemala  Central  Railroad  to  Elscuintla,  now 
under  construction,  will  be  taken  advantage  of,  and  passing  by 
Cujinijilapa  the  line  will  be  continued  to  Sta.  Anna,  in  the  Repub- 
lic of  Salvador. 

Salvador. 

In  this  country  the  projected  line  of  the  Central  R.  R.  will  be 
utilized.  It  runs  from  the  city  of  Sta.  Anna  to  Nuevo  San  Salva- 
dor, San  Salvador,  and  through  San  Vicente,  San  Miguel,  to 
Guascoran,  in  the  Republic  of  Honduras. 

Honduras. 

From  Guascoran  the  line  will  continue  along  the  shore  of  the 
Gulf  of  Fonseca,  crossing  the  State  of  Choluteca  to  the  city  of  the 
same  name,  whence  it  will  run  south  to  Nicaragua. 

Nicaragua. 

From  the  northern  frontier  of  Nicaragua  the  line  will  run  to  the 
city  of  Chinandegua,  where  it  will  connect  with  the  railroad  from 
Corinto  to  Lake  Managua,  following  this  railroad  to  the  neighbor- 
hood of  Pueblo  Viejo ;  it  will  run  along  the  shore  of  the  lake  to 
the  city  of  Managua,  where  it  will  connect  with  the  line  already 
constructed  between  that  city  and  Masaya.  From  this  city  it  will 
run  to  Rivas,  crossing  the  projected  Nicaragua  canal  and  entering 
Costa  Rica. 

Costa  Rica. 

In  Costa  Rica  it  will  run  along  the  shore  of  Lake  Nicaragua, 
across  the  plains  of  Guatuscos  and  San  Carlos  to  the  city  of 
Alajuela,  where  it  will  connect  with  a  branch  road  already  con- 
structed to  the  capital.  From  Alajuela  it  will  follow  the  railroad 
of  San  Jose  to  Pto.  Limon,  and  extend  down  the  Isthmus  of 
Panama  to  the  valley  of  the  Atrato,  in  Colombia. 

•     Colombia. 

In  Colombia  the  line  will  cross  the  western  cordillera  of  the 
Andes  to  the  valley  of  the  Cauca,  and  follow  this  valley  to  Antio- 
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quia.  It  will  continue  to  ascend  this  rich  valley,  connecting  its 
numerous  cities  and  towns,  until  it  reaches  its  head  at  Popayan. 
A  branch  line  will  be  surveyed  across  the  Central  cordillera  to  the 
city  of  Bogota,,  and  another  from  Antioquia,  down  the  Cauca 
river,  to  the  city  of  Cartagena,  on  the  Caribbean  sea,  and  one  of 
the  finest  seaports  in  South  America.  From  Popayan  the  main 
line  will  cross  into  the  valley  of  the  Patia  to  Pasto,  and  continue 
on  to  Ipiales  and  into  Ecuador. 

The  crossing  of  the  mountains  from  Popayan  to  Pasto  is  one  of 
the  most  difficult  problems  which  the  engineers  will  have  to 
solve.  Here  it  is  that  all  the  three  great  ramifications  of  the 
northern  Andes  have  their  origin. 

Ecuador. 

Entering  Ecuador  the  line  will  reach  the  city  of  Tulcan ;  thence 
descending  the  central  valley  of  Quito,  it  will  next  pass  by  the 
cities  of  Ibarra,  Quito,  Tucumba,  Ambala,  Cuenca  and  Loja,  into 
Peru. 

Peru. 

In  this  country  the  line,  passing  through  the  provinces  of  Coja- 
marca  or  Amazonas,  will  be  carried  on  to  the  river  Maranon,  and 
through  its  valley  to  Cerro-de-Pazco,  thence  along  the  river  Perene 
to  Sta.  Anna,  thence  to  Cuzco,  Sta.  Ro.sa  and  Puno,  and  along  the 
shore  of  Lake  Titicaca  to  the  Bolivian  frontier. 

Bolivia. 

In  Bolivia  the  line  will  pass  through  the  cities  of  La  Paz,  Oruro, 
to  Huanchaca.  From  Huanchaca,  Chile,  the  Argentine  Republic, 
Brazil,  Paraguay  and  Uraguay  will  be  reached  by  branch  lines. 

Chile. 

A  line  of  railway  now  in  operation  extends  from  Huanchaca  to 
Antofagasta,  on  the  Pacific  coast. 

Argentine  Republic. 

A  line  of  railway  is  projected  and  has  been  surveyed  from 
Huanchaca  to  Jujuy,  where  connection  is  made  with  the  extensive 
raihway  system  of  the  Argentine  Republic. 
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Paraguay  and  Uruguay. 

A  branch  to  connect  these  two  countries  with  the  trunk  line  will 
be  run  from  Huanchaca  along  the  west  shore  of  the  river  Pilco- 
mayo  to  a  connection  with  the  railway  projected  under  the  Osborne 
concession,  which  covers  a  line  from  the  northern  boundary  of 
Paraguay  to  Asuncion.  From  Asuncion  the  line  will  go  to  Villa 
Encamacion,  crossing  the  Rio  Parana  opposite  the  city  of  Posadas, 
joining  the  Argentine  R.R.,  now  in  construction  to  Monte  Caseros. 
It  will  cross  at  this  point  the  river  Uruguay,  to  connect  with  the 
line,  already  constructed  and  operated,  from  Santa  Rosa  to  Mon- 
tevideo, which  connects  with  the  principal  cities  of  the  interior. 

Brazil. 

To  connect  with  the  United  States  of  Brazil,  a  line  will  be  run 
from  Huanchaca  eastward  across  the  river  Paraguay,  at  Corumba, 
into  Brazilian  territory  and  along  the  river  Toquary  to  Coxim. 
From  this  point  a  railway  is  projected  to  Uberaba,  under  a  conces- 
sion from  the  government  of  Brazil.  From  Uberaba  to  Rio  Jan- 
eiro a  railroad  is  now  in  operation. 

Venezuela. 

This  country  will  be  connected  with  the  trunk  line  by  a  branch 
from  the  most  convenient  point  in  the  Cauca  Valley  to  Medellin, 
whence  it  will  connect  with  an  existing  railroad  to  the  city  of  Pto. 
Berrio,  on  the  Magdalena  river ;  thence  the  route  will  be  via  Bu- 
caramanga  to  San  Jose  de  Cucuta ;  thence  to  San  Cristobal,  La 
Grita,  Merida,  Trujillo.  Barquisimeto,  and  Valencia. 

The  Commission  considered  that  the  principal  object  of  the  pro- 
jected Inter-continental  Railroad  is  to  unite  all  South  American 
countries,  and  to  connect,  directly  or  indirectly,  the  capitals  and 
principal  cities — serving,  at  the  same  time,  their  political  and  com- 
mercial interests,  without  losing  sight  of  the  fact  that  the  enteprise 
will  have  to  be  carried  out  in  a  great  measure  by  private  capital. 
Much  data  was  collected  regarding  the  different  countries,  but  the 
regions  through  which  it  is  proposed  to  run  the  line  being  in 
many  parts  unexplored,  the  information  obtained  has  been  very 
deficient. 

The  intention  of  the  Commission  was  merely  to  choose  a  gen- 
eral route,  to  be  followed  in   making  the  preliminary  surveys; 
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when  these  shall  have  been  completed,  a  more  definite  location  of 
the  line  can  be  undertaken.  In  selecting  the  general  route  the 
Commission  has  tried  to  take  advantage  of  lines  already  con- 
structed, under  construction,  and  projected. 

Three  lines  could  be  followed  in  Central,  as  well  as  in  South 
America,  viz. : 

First.  The  western,  between  the  Andes  and  the  Pacific  ocean. 

Second.  The  central,  or  through  the  Cordilleras,  and  generally 
at  great  altitudes. 

Third.  The  eastern  line,  between  the  Andes  and  the  Atlantic, 
where  the  territory  is  much  more  extended,  especially  in  South 
America. 

All  these  routes  have  advantages  and  disadvantages. 

Aside  from  the  Isthmus  of  Panama,  a  narrow  stretch  of  difficult 
country,  with  very  little  choice  of  general  route,  the  remainder  of 
the  line  naturally  divides  itself  into  two  sections-— each  can  be 
studied  independently  of  the  other — ^viz.,  the  Central  and  the  South 
American. 

Central  America. 

The  line  by  the  Atlantic  coast  presents  a  much  less  broken  ter- 
ritory, and,  in  this  respect,  of  easier  construction.  On  the  other 
hand  there  would  be  a  number  of  large  rivers  to  cross,  and  the 
territory  traversed  is  sparsely  populated  and  undeveloped. 

On  the  eastern  coast,  too,  the  rains  are  frequent  and  torrential 
during  the  greater  part  of  the  year,  and  the  climate  is  unhealthy. 
Another  objection  to  the  eastern  line  is  that  it  could  not  touch  the 
rich  and  important  republic  of  Salvador. 

A  central  line  would  have  to  be  carried  at  great  altitudes, 
through  a  volcanic  region,  much  broken,  very  sparsely  inhabited, 
and  unproductive. 

The  third  route  extends  along  the  Pacific  coast,  and  appears  to 
be  the  most  advantageous  one,  as  far  south,  at  least,  as  the  republic 
of  Costa  Rica.  The  country  on  this  line  is  healthier  and  more 
productive.  Nearly  the  entire  agricultural  industry  is  on  the  Pa- 
cific ocean  side  of  the  countries. 

Entering  into  Guatemala  it  will  pass  through  the  centre  of  its 
cofiee  plantations,  and  will  approach  the  principal  cities  of  that 
country.  Thence  it  will  traverse  the  republic  of  Salvador,  reaching 
its  agricultural  centres  and  its  important  populations.  On  this  route, 
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also,  the  survey  already  made  of  the  Central  railroad  in  that 
country  can  be  utilized. 

In  Honduras  the  route  follows  the  Gulf  of  Fonseca,  and  by  a 
short  branch  connects  the  capital  with  the  principal  commercial 
and  industrial  centres. 

The  same  advantages  exist  in  Nicaragua,  where  .the  constructed 
railroads  can  be  made  use  of  On  account  of  the  topography  of 
the  country  it  would  be  advantageous  to  abandon  this  route  in  the 
vicinity  of  Lake  Nicaragua,  and  to  enter  into  Costa  Rica  by  the 
central  plains. 

These  plains  are  covered  with  forests  of  great  value,  producing 
cocoa,  rubber,  rare  timbers,  etc.,  etc.,  in  abundance.  Moreover, 
in  following  this  direction  the  line  approaches  the  projected  rail- 
road from  the  capital  to  Lake  Nicaragua,  and  would  connect  at 
Alajuela  with  the  Inter-Oceanic  Railroad,  from  Porto  Limon  to 
Punto  Arenas. 

On  the  Isthmus  of  Panama,  on  account  of  its  narrowness,  there 
is  but  one  direction  to  follow.  No  difficulties  exist  as  far  as  Chir- 
iqui,  the  territory  being  healthy  and  well  cultivated.  The  rest  of 
the  Isthmus  presents  great  obstacles,  and  one  of  the  greatest  for 
the  carrying  out  of  this  enterprise  is  the  well-known  insalubrity  of 
that  region. 

The  general  difficulties  on  all  the  lines  of  Central  America  are 
not  insurmountable.  They  may  necessitate  the  building  of  many 
works  of  art,  like  bridges,  viaducts,  steep  grades,  short  curves, 
tunnels,  etc.  From  surveys  and  lines  in  operation  in  this  country^ 
it  can  be  said  that  this  road  is  financially  practicable  in  its  entirety. 
All  the  railroads  so  far  constructed  in  those  regions  have  given 
satisfactory  results  in  the  end. 

South  America. 

Three  routes  could  also  be  chosen  in  South  America,  viz. : 

First.  Between  the  Pacific  ocean  and  the  Andes. 

Second.  Following  the  so-called  Andine  region,  utilizing  the 
valleys  and  table-lands  in  that  part  of  the  Cordilleras. 

Third.  The  route  between  the  Andes  and  the  Atlantic  Ocean. 

The  first  route  would  have  its  course  in  a  region  of  about  ICX) 
miles  in  width,  and  does  not  seem  advantageous  owing  to  the  fact 
that  in  Colombia  and  Ecuador  that  region  is  almost  entirely  a 
desert,  and  a  very  wild  one.     It  is  sufficiently  populated  in  Peru 
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and  Chile,  but  the  territory  is  arid,  and  only  a  few  valuable 
mines  may  be  found  in  it.  By  this  line,  moreover,  several  of  the 
countries  could  not  be  directly  connected,  and  it  would  necessi- 
tate the  crossing,  more  than  once,  of  the  Andes,  a  very  great 
drawback. 

The  eastern  route,  lying  between  the  Andes  and  the  Atlantic, 
would  go  through  the  most  extensive  and  the  wealthiest  regions. 
Were  it  not  for  the  necessity  of  building  large  and  costly  bridges 
over  the  many  rivers,  it  would,  without  doubt,  present  the  least  dif- 
ficulties for  the  construction  of  a  railroad.  Considering,  however, 
the  vast,  unpopulated  and  unknown  localities  abounding  in  this 
region,  the  insalubrity  of  the  country,  the  difficulty  of  building 
through  extensive  virgin  forests,  the  absence,  too,  of  the  cities  and 
centres  of  traffic,  it  is  easy  to  perceive  that  this  route  is  not  the 
most  desirable  at  present.  It  will,  in  the  future,  and  with  the  de- 
velopment of  the  country,  offer  inducement  for  the  development  of 
a  railroad  line. 

The  eastern  and  western  routes  being  excluded,  there  is  only 
the  third  one,  the  Inter- Andine  to  be  considered,  and  this  has 
appeared  to  be,  under  all  circumstances,  the  most  advantageous. 

As  far  as  its  physical  aspect  is  concerned,  it  has  great  difficul- 
ties, the  territory  being  mostly  mountainous  and  broken.  On 
the  other  hand,  however,  this  route  would  unite  the  most  popu- 
lated and  civilized  places,  and  large  sections  of  railroad  already 
constructed  or  in  construction  could  be  utilized  in  its  connections. 

Leaving  the  Isthmus  of  Panama,  this  line  would  cross  the 
Rio  Atrato,  in  Colombia,  go  over  the  western  Cordillera,  and 
enter  into  the  valley  of  the  river  Cauca  near  the  city  of  Antio- 
quia.  This  is  one  of  the  greatest  difficulties  to  conquer.  The 
line  will  continue  as  far  as  the  head  of  the  valley,  passing  Antio- 
quia,  a  city  of  political  and  commercial  importance,  and  by 
other  populated  centres,  like  Neira,  Manizales,  Cartajo,  Buga, 
Palmira,  Popayan ;  also,  through  the  rich  mining  regions  where 
gold,  silver,  and  platinum  are  found. 

On  this  portion  of  the  route  the  crossing  of  the  central  range 
of  mountains  will  be  located  so  as  to  enable  a  branch  line  to  con- 
nect the  Magdalena  valley  and  Bogota,  a  district  of  great  com- 
merce as  well  as  of  agricultural  and  mineral  wealth,  with  the  trunk 
line. 

The  route  continues  into  the  Patia  valley,  touching  the  city  of 
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Pasto.  From  Pasto  it  enters  into  Ecuador  by  Ipicales  or  Tulcan, 
and  follows  the  Quito  valley,  the  most  populated  region  of  this 
country,  and  connects,  if  possible,  Quito,  Cuenca,  and  Loja,  or 
their  vicinity. 

From  Ecuador,  crossing  the  boundary  where  most  practicable, 
the  objective  point  should  be  to  reach  the  vicinity  of  Cerro-de- 
Pazco.  To  attain  this  purpose  the  most  desirable  route,  as  far  as 
mineral  wealth  and  direction  are  concerned,  is  via  Maranon  valley, 
providing,  however,  that  the  section  between  the  headwaters  of  the 
Maranon  and  Cerro-de-Pazco  is  practicable,  even  at  a  greater  ex- 
penditure than  by  any  other  route. 

Should  this  section  be  absolutely  impracticable,  it  would  be 
necessary  to  explore  another  route,  farther  east  and  via  the  Hual- 
laca  valley. 

It  is  between  Cerro-de-Pazco  and  Colombia  that  the  greatest 
physical  difficulties  will  be  met.  Beyond  Cerro-de-Pazco  the 
proposed  route  will  have  the  advantage  of  utilizing  a  line  now 
under  construction  from  the  head  of  the  river  Perene  to  its  junc- 
tion with  the  river  Apurimac. 

From  this  point  the  line  should  continue  towards  Sta.  Ana, 
where  it  will  meet  another  line,  probably  surveyed,  to  Cuzco,  at 
which  point  it  will  join  the  railroad  of  Arequipa  to  Puno,  which 
can  be  used  as  far  as  the  Desaguadero  river,  on  the  Bolivian  fron- 
tier, and  continuing  over  the  projected  line  to  La  Paz  and  Oruro, 
the  terminus  of  the  railroad  now  in  operation  between  Huanchaca 
and  Antofagasta  on  the  Pacific  coast,  in  Chile,  uniting  thus  that 
republic  with  the  trunk-line  of  the  Inter-continental. 

This  route  has,  moreover,  the  advantage  of  utilizing  a  line  pro- 
jected and  surveyed  from  Huanchaca  to  Jujuy,  which  will  connect 
the  Inter-continental  with  the  system  of  the  railroads  of  the  Ar- 
gentine republic. 

Last,  to  study  is  the  connection  with  Paraguay,  Uraguay,  and 
the  United  States  of  Brazil. 

In  regard  to  the  two  first-named  republics,  the  commission  re- 
commends a  line  to  start  from  Huanchaca  and  through  the  valley 
of  the  river  Pilcomayo,  to  meet  the  lines  included  in  the  concession 
of  Gen.  Osbourne.  This  would  be  the  most  direct  route,  and  the 
easiest  line  to  build,  and  would  advantageously  use  all  the  lines 
already  constructed  in  these  two  countries. 

As  Brazil  extends  from  5°  of  latitude  N.  to  the  33°  latitude  S., 
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and  adjoins  all  the  countries  of  South  America  intended  to  be  con- 
nected by  the  Inter-continental  Trunk-Line,  many  connecting  links 
can  be  constructed  between  the  principal  line  and  Brazil,  but, 
considering  that  the  desired  line  must,  with  other  favorable  con- 
ditions, be  the  shortest  in  order  to  be  remunerative,  the  Commission 
has  chosen  the  indicated  line  from  Huanahaca  to  Coxim,  by  way 
of  Corumba.  This  line  has  the  advantage  of  being  the  most  direct 
one  to  the  capital  of  Brazil. 

It  is  also  the  shortest,  considering  that  a  road  is  already  in 
operation  between  Rio  Janeiro  and  Uberava,  and  a  concession 
granted  to  prolong  the  same  to  Coxim.  There  is  consequently 
only  to  survey  and  to  construct  a  line  between  this  latter  point 
and  the  Inter-continental  Trunk  Line.  Owing  to  its  shortness  it 
presents  less  physical  difficulties ;  virgin  forests  and  unexplored 
territories  are  not  so  extensive ;  it  will  also  be  noticed  that  there 
are  not  so  many  large  rivers  to  Cross. 

Although  the  corresponding  section  of  this  line  in  Bolivia  is 
not  well  known,  it  is,  however,  a  fact  that  no  great  altitudes  exist ; 
moreover,  that  after  reaching  Corumba  it  will  follow  the  valley  of 
the  river  Taquary. 

Commercially  it  \s  the  line  presenting  the  greatest  elements  of 
activity : 

First,  Because  it  connects  the  trunk  line  with  the  coffee  regions 
of  Brazil,  and  will  carry  this  product  to  all  the  South  American 
countries  which  do  not  produce  it. 

Second.  It  will,  at  Corumba,  touch  the  river  Paraguay,  navi- 
gable up  to  that  point,  thus  establishing  water  communication  with 
Paraguay,  the  Argentine  Republic  and  Uruguay,  where  it  will 
gather  traffic. 

Third,  It  will  establish  a  direct  communication  from  the  capital 
of  Brazil  to  Chile,  by  the  Huanchaca  and  Antofagasta  Railroad, 
and  also  between  the  Atlantic  and  the  Pacific,  great  sources  of 
traffic. 

The  branch  line  to  Venezuela  runs  not  only  through  the  north- 
ern slope  of  the  Granadine  Andes  and  its  numerous  and  very 
extensive  table-lands,  but  it  opens  a  route  by  San  Cristobal  to  the 
plains  of  the  Republic,  the  great  grazing  lands  of  the  country. 

This  branch  crosses  the  States  of  Andes,  Lara  and  Carabobo, 
and  connects  with  the  railroad  under  construction  from  Merida  to 
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San  Carlos  del  Zulia,  and  with  the  Sanbana  Demendoza  line,  soon 
to  reach  Trujillo. 

These  two  tributary  roads  will  establish  communication  with 
the  State  of  Zulia,  one  of  the  richest  and  most  important  export- 
ing regions  of  the  country,  owing  to  the  navigable  lake.  The 
railroad  from  Barquisimeto  to  the  harbor  of  Tucacas,  the  Valen- 
cia and  Pto.  Cabello  and  the  Central  Railroad,  reaching  the  capital 
of  the  Republic,  will  all  be  connected  by  the  projected  branch. 

Although  the  Venezuelan  portion  of  the  Inter-continental  Rail- 
road, as  projected,  runs  through  the  mountainous  region  of  that 
country,  it  is  the  one  which  would  reach  the  largest  populations 
and  the  most  productive  centres.  It  would,  moreover,  connect 
with  railroads  having  great  export  traffic,  as  they  all  terminate  at 
the  seashore. 

Consequently  the  projected  Venezuelan  branch  would  be  the 
principal  connecting  link;  it 'would  collect  the  traffic  of  the 
country  in  the  different  States  and  at  the  most  important  harbors. 

It  is  also  likely  that  when  this  project  is  realized,  the  centre  of 
the  country  will  be  in  communication  by  rail  with  the  eastern 
boundary  of  the  Republic.  The  route  of  the  projected  connecting 
link  between  the  Inter- continental  Railroad  and  Venezuela,  would 
remain  unchanged  should  it  even  be  decided  to  eventually  run  the 
trunk  line  through  the  valley  of  the  Magdalena  instead  of  the 
Cauca  Valley. 

The  cost  of  the  preliminary  survey  of  this  line  was  estimated  at 
11350,000,  and  as  the  cash  available  from  payments  by  the  repre- 
.sented  countries,  at  the  rate  of  jSiooo  per  million  inhabitants  per 
year,  was  not  enough  to  guarantee  the  sending  out  of  all  the  expe- 
ditions contemplated,  with  the  certainty  of  not  being  compelled 
to  recall  them  before  their  allotted  task  was  done,  it  was  resolved 
to  send  out  only  three  expeditions  to  cover  the  proposed  line  from 
Mexico  to  Cerro-de-Pasco,  Peru,  including  in  this  all  the  critical 
points  of  the  road. 

Whilst  the  route  was  being  studied,  the  organization  of  the 
three  parties  to  go  on  the  field  had  been  perfected,  and  the 
work  was  divided  as  follows :  Party  No.  i  to  study  the  Central 
American  section,  beginning  at  Ayutla,  Guatemala,  and  working 
down  to  the  Isthmus  of  Panama.  This  corps  is  composed  in  its  main 
part  of  officers  of  the  United  States  Army,  under  the  command  of 
Lieutenant  M.  M.  Macomb,  detached  from  West  Point  for  the 
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purpose.  The  party  being  fully  equipped  with  provisions,  dupli- 
cate instruments  for  stadia  work,  transits,  odometres,  etc.,  sailed 
for  their  destination  on  the  20th  of  April  last. 

Parties  Nos.  2  and  3,  under  the  leadership  of  Mr.  Wm.  F. 
Shunk,  the  well  known  railroad  engineer,  assisted  by  Mr.  J. 
Imbrie  Miller,  with  a  complete  equipment  for  each  party,  sailed  on 
the  loth  of  the  same  month  for  Quito,  Ecuador^  and  there,  after 
a  careful  study  of  the  ground  and  organizing  for  active  work  in 
conjunction  with  the  assistants  furnished  by  the  Government  of 
Ecuador  and  later  on  by  Colombia  and  Peru,  as  they  enter  the 
respective  territories,  they  separated,  party  No.  2  under  Mr.  Shunk 
working  northward  into  Colombia,  surveying  the  line  included 
between  the  starting  point  and  the  crossing  of  the  Atrato  river  at 
the  Isthmus,  the  branches  to  Bogota,  Cartagena  and  to  Venezuela. 
Party  No.  2  under  Mr.  Miller  will  travel  southward  to  Cerro  de 
Pasco,  Peru,  carefully  studying  the  best  route  to  the  last  named 
place.  Each  party  as  well  as  No.  i  is  accompanied  by  a  surgeon 
of  the  United  States  Navy. 

As  new  yearly  appropriations  are  made  by  the  respective  coun- 
tries new  expeditions  will  be  sent  out  to  survey  the  remaining 
parts  of  the  line. 

In  making  these  surveys  the  engineer  in  charge  will  try,  as  far 
as  practicable,  to  follow  the  general  route  as  indicated.  It  is,  how- 
ever, in  his  discretion  to  alter  it  whenever  his  observations  and  the 
information  gathered  on  the  ground  will  make  him  decide  in  favor 
of  a  more  practicable  route,  both  technically  and  economically. 

These  surveys  must  be  sufficiently  studied,  calculated  and  fig- 
ured to  present  as  nearly  as  possible  the  topography  of  the  region. 
They  shall  also,  as  far  as  practicable,  determine  the  geographical 
positions  of  the  most  important  points  through  which  the  line  will 
have  to  run.  They  will  also  determine  the  general  direction  of  the 
rivers,  the  valleys  and  mountains  crossed  by  the  line ;  also  the 
slopes  and  the  maximum  flow  of  water,  and  all  other  information 
commonly  obtained  by  a  preliminary  survey. 

In  crossing  mountains,  the  maximum  curves  and  minimum 
grades  at  the  points  that  the  line  must  reach  shall  be  determined 
approximately. 

The  surveying  parties  shall  procure  a  description  of  the  dififerent 
geological  formations  of  the  ground,  and  statistical  data  which  mi^ht 
be  valuable  for  the  final  location  of  the  line,  such  as  the  exten- 


14  THE  QUARTERLY. 

sion  of  the  cultivated,  uncultivated  and  grazing  lands,  the  exten- 
sion of  the  private  and  national  properties,  all  existing  and  availa- 
ble materials  for  construction,  the  mineral  wealth  and  facilities  of 
development,  the  population,  condition  of  climate  and  salubrit>% 
etc. 

The  field  maps  are  to  be  made  on  a  scale  of  i  on  24,000,  and 
profiles  on  same  horizontal  scale,  and  I  on  2400  vertical. 

The  plans  are  to  be  accompanied  by  a  descriptive  memoir,  illus- 
trated by  sketches  and  photographs,  and  relating  how  the  obser- 
vations and  information  were  obtained  and  the  difficulties  sur- 
mounted ;  at  the  end  of  each  day's  work  an  approximate  estimate 
of  the  cost  of  the  section  of  line  surveyed  will  be  made. 

The  reports  of  the  expeditions  are  awaited  with  great  interest, 
for  the  importance  of  the  projected  railroad  cannot  be  over-esti- 
mated when  it  is  considered  that  it  will  open  up  a  range  of  country 
larger  than  the  United  States,  and  fully  as  rich,  and  develop  mines 
whose  wealth  is  unrivalled  ;  but  that  to- day,  owing  to  the  impossi- 
bility of  transporting  the  heavy  machinery  and  the  ore^o  and  from 
the  mines  are  practically  worthless. 


THE  SHADOW  OF  A  CIRCLE. 
Investigation  of   its  Geometric   Properties   and    Relations. 

By  a.  D.  F.  HAMLIN. 

In  architectural  drawings,  especially  on  geometrical  elevations, 
the  correct  casting  of  the  shades  and  shadows  is  an  important 
factor  in  the  effective  expression  of  the  design.  To  the  architect, 
therefore,  sciography  is  one  of  the  most  important  branches  of 
descriptive  geometry ;  although,  as  its  applications  in  his  practice 
are  nearly  all  in  the  nature  of  special  problems,  it  is  rarely  studied 
in  its  abstract  and  mathematical  relations.  That  these,  however, 
may  sometimes  be  both  instructive  and  curious,  appears  from  the 
careful  investigation  of  the  properties,  geometrical  and  numerical, 
or  quantitative,  of  some  even  of  the  simpler  and  commoner  shades 
and  shadows,  as  of  the  circle,  sphere,  square,  cube,  etc. 

Let  us  consider  the  case  of  the  horizontal  or  vertical  circle,  par- 
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allel  to  one  and  perpendicular  to  the  other  plane  of  projection,  or 
perpendicular  to  both.  These  cases  comprise  nine-tenths  of  all  the 
circles  occurring  in  architectural  designs.  The  shadow  of  such 
a  circle,  felling  upon  a  plane  parallel  to  it,  will  obviously  be  a 
circle,  whatever  the  angular  direction  of  the  light.  When  cast 
upon  a  plane  at  right  angles  to  that  of  the  circle  (as  the  shadow 
of  a  horizontal  circle  on  the  vertical  plane  of  projection,  or  of  a 
circle  {>erpendicular  to  both  planes  of  projection,  upon  either  of 
them),  the  shadow  is  an  ellipse  whose  proportions  vary  with  the 
angular  direction  of  the  light.  In  ordinary  practice  this  is  assumed 
to  be  at  35°  16'  (nearly)  with  both  planes  of  projection,  that  is,  in 
the  direction  of  the  diagonal  of  a  cube ;  its  projection  on  either 
plane  is  at  45°  to  the  ground  line.  The  convenience  of  this  as- 
sumption is  familiar  to  every  draughtsman,  and  the  artistic  effect 
of  the  shadow  cast  at  this  angle  is  as  undeniable  as  its  value  in 
correctly  expressing  or  suggesting  the  third  dimension,  and  thus 
compensating  for  the  absence  of  perspective. 

The  common  method  of  drawing  the  elliptical  shadow  of  the 
circle  perpendicular  to  the  plane  of  projection,  is  to  cast  the  shadow 
of  the  circumscribed  square,  which  (with  the  light  projected  at 
45^)  is  a  parallelogram  having  two  sides  equal  and  parallel  to  the 
rectilinear  projection  of  the  circle,  and  two  at  45°  to  it  and  equal 
to  the  diagonal  of  the  square.  The  ellipse  is  more  or  less  accu- 
rately inscribed  in  this  parallelogram,  tangent  to  the  middle  of 
each  of  its  sides.  Greater  accuracy  is  secured  by  using  the  shadow 
of  the  circumscribed  octagon  instead  of  that  of  the  square. 

But  this  furnishes  no  accurate  process  for  describing  the  ellipse, 
of  which  it  gives  neither  the  foci  nor  the  axes,  nor  the  inclination 
of  the  latter.  To  ascertain  these  data  we  invoke  the  aid  of  the 
differential  calculus,  as  will  be  presently  shown. 

It  is  first  necessary  to  find  a  general  formula  for  the  length  of 
the  shadow  cast  on  one  plane  of  projection  by  a  line  parallel  to 
the  other  plane.  Then,  we  can  ascertain  the  relation  between  the 
length  and  inclination  of  any  diameter  of  the  circle  and  its  shadow. 
And,  since  the  major  axis  of  the  ellipse  is  the  longest,  and  the 
minor  axis  the  shortest,  shadow  cast  by  any  diameter  of  the  circle, 
the  principle  of  maxima  and  minima  of  differentials  will  enable  us 
to  identify  the  diameters  whose  shadows  are  the  axes  of  the  ellipse 
of  shadow,  and  to  determine  the  length  and  inclination  of  these 
axes.     Figure    I  shows  the  horizontal  circle  ab c dm  both  hori- 
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zontal  and  vertical  projection  with  the  elliptical  shadow  a\  c\  b\  d\ 
cast  on  the  vertical  plane  (which  we  will  call  VP).  A  and  B  are 
the  two  diameters  whose  shadows  a\  i\  and  c\  d\  are  the  axes  of 
the  ellipse.  To  determine  the  inclination  and  relative  lengths  of 
diameters  and  axes  is  our  problem. 

Let  ab,  a'f  in  Fig.  2  be  the  projections  of  a  horizontal  line,  the  di- 


i\ 


Ts- 


x\. 


-31°  13' 3" 


Wf^f-  "^^ 


/  Junior Jl x/:)  =■  a^B/  n  /he 
cj/ycf^ok/  o/Z>jiam.  A  ■ 

•jhae/oyy  o^  O/c^n-f,  B 

a}Sj=  t.6jao3  cjdl=  .6iaoz- 

ameterof  the  given  circle,  for  example;  itsshadowonVPwillbca'i 
l/y.  Draw  a\  c  and  ae  ;  the  angle  eab  (or  the  inclination  of  ab,  a'b'  to 
VP)  we  will  call  a.,  and  its  shadow,  ca\b\,  we  will  designate  as  a',. 
Call  ab,  a'b'.  A,  and  the  length  of  a\b\,  I ;  then,  from  the  demon- 
stration appended  to  Fig.  2,  it  appears  that  /'  =  (cos.  o  +  sin.  ")' 
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+  sin.'  «,  whence  developing  and  remembering  that  sin.*  a  -f  cos.' 
«  =  I,  we  have 

/'  =  1  +  2  COS.  a  sin.  a-(-  sin?  a (i) 

Difierentiating  and  dividing  by  2,  we  have 


/  ^  2  •   1      I     • 

*  -y—  =  ^OS.^  a  —  Stn.^  a  -f-  szn.  a  COS.  a     .      . 
da 


.      .      (2) 


/a!id^a'b'^ae^co2>.QL 


But  for  maximum  and  minimum  values  of  /,   -r   =  o,   and  the 

da 

above  equation,  by  transposing  and  dividing  throughout  by  cos?  a 

,               sin?  a      sin.  a  , 

becomes  — =  I,  whence, 

cos?  a       COS.  a 


tan?  a  —  tan.a=z\ (3) 


VOL.  xin. — 2 
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Completing  the  square  and  extracting  its  roots  we  have  tan.  a 


^  =  d=    I—  or  in  other  words, 


tan.  a=  : \A) 


The  two  values  of  the  root,  corresponding  to  the  maximum  and 
minimum  values  of  /,  are  found  by  the  table  of  logarithms  to  be 
1.61803  and  — .61803,  which  are  ^^  tangents  of  the  angles  «  made 
with  the  VP  by  the  diameters  of  the  circle  which  cast  repectively 
the  longest  and  shortest  shadows  of  all.  These  angles  are  found 
to  be  58°  16'  57"  and  31°  43'  3'  very  nearly.  We  will  distinguish 
the  angle  of  inclination  oi  B  (in  Fig.  2)  by  the  letter  /5,  whence 

.      a  =  s8°i6'S7";  ^  =  -3i°43'3"  .     •     •     •    (S) 

Now  to  find  the  length  of  /,  we  may  substitute  in  (i)  the  easily 
ascertained  values  of  sin.  a  and  cos.  a,  sin.  /?  and  cos.  /S  (a  and  /? 
being  complementary,  so  that  sin.  a  =  cos.  /?,  and  cos.  «  =  sin.  i?), 
giving  us  as  the  value  of  /  with  the  angle  a  =  58^  16'  57", 

/=  1    I  4-  .894426  +  .723605  =- 1. 61 803  ...     (6) 

which  is  the  length  of  the  major  axis  of  the  ellipse  in  terms  of  the 
diameter  of  the  circle;  and  for  the  angle  /5  =  —  31°  43'  31", 

/=  |/  I  —.894426  +  .266494  =  .61803    •     •     •     (7) 

a  very  curious  result,  certainly.  That  is  to  say,  tite  length  of  either 
axis  of  the  ellipse  of  shadow  is  eqtial  to  the  tangent  of  tfu  angle  made 
with  VPby  the  diameter  zvhose  shadow  it  is,  the  diameter  being  taken 
as  unity.  It  has  already  appeared,  from  the  mere  inspection  of  the 
ascertained  values  of  «  and  i?,  that  they  are  complementary  angles ; 
that  is  to  say,  the  axes  of  tlu  ellipse  are  sluidows  of  diameters  of  the 
circle  at  right  angles  to  each  other,  and  these  are  the  only  conjugate 
diameters  of  the  circle  whose  shadows  are  perpendicular  to  each 
other. 

To  ascertain  the  inclination  of  the  axes  of  the  ellipse  to  the  hori- 
zon is  next  in  order.     Let  «,   be  that  of  the  major  axis  and  P^ 
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that  of  the  minor  axis,  which  we  will  call  /'  (Fig.  i),  their  values 
are  computed  by  the  following  proportions,  which  appear  upon 
inspection  of  Fig.  2,  in  which  if  the  length  of  ^^  =  i  be  laid  off 
on  (^xVx  to  a  point  ^,  and  from  ^  a  perpendicular,  f^e^  be  erected  to 
a^x  c ;  then  ^^  =  sin.  «!,  and  (since  cb\  ^^  dc  ^^  eb  ^^  sin.  «)  we  have 
sin  a :  sin  «! : :  / :  i ,  whence 

sin.  a  /Qx 

sm. «!  ^  — - —    .     .     .     .     ,     .     .     \o) 

and  similarly  it  may  be  proved  that 

si„.^.  =  !ij)^ (9) 

■ 

The  values  of  sin.  a  and  sin.  ^  have  already  been  ascertained  from 
the  tables  in  finding  the  value  of  /  in  (6) ;  they  are  .85065  and 
.52573  respectively,  so  that 

sin.  a,  =  — -5?75_  =.  .52573  =  sin.  31°  43'  3"  .     .     (10) 
*       1.61803  :>      -fr:)  :>  v     / 

and 

sin^,  =  ~;5_2S_73^  35065  ^  sin  _580  ,5/57^/         („) 
*         .61803 

which  is  as  surprising  as  the  other  results  obtained.  That  is,  the 
inclinatmu  of  either  axis  of  the  ellipse  is  the  complement  of  the  angle 
made  with  VPby  t/te  diameter  whose  shadow  it  is,  and  therefore  equal 
to  that  made  by  the  other  diameter.  The  inversion  of  these  signs  in 
Fig.  I  is  due  to  the  6^t  of  the  anghes  being  measured  below  the 
axis,  while  the  proportions  derived  from  Fig.  2  were  based  on 
angles  measured  in  the  reverse  direction  (as  a^  in  Fig.  2  lies  below 
the  horizontal  line,  while  in  Fig.  1  it  is  above  it).* 

Since  /=  1.6 1803  =  tan.  a  and  /'  =«  .61803  =  tan.  /9,  we  might 
have  deduced  the  values  of  <*!  and  ^^  without  recourse  to  tables  and 

computations  ;  for,  from  (8).  sin.  a,  =     -^  =  — '. — =  cos.  a ;  that 


♦  In  the  above  results  allowance  has  been  made  for  minute  errors  arising  in  the  use 
of  the  logarithmic  tables,  and  aflfecting  only  the  fourth  and  fifth  decimal  places ;  they 
in  no  wise  affect  the  substantial  accuracy  of  the  results  or  the  surprising  and  interest- 
ing relations  they  reveal. 
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is,  fltj  and  «  are  complementary,  and  similarly,  sin  ^,  = — -  = 

—  cos  /9,  that  is,  /jj  is  negative  and  the  complement  of  /9,  which 
accords  with  the  other  result. 

Besides  these  curious  relations,  it  appears  also  that  the  ificlina- 
tion  o.^  of  the  major  axis  is  one-half  tliat  of  tlu  diagonal  of  the  shadow 
on  VP  of  the  vertical  square  perpendicular  to  f^,  this  diagonal  being 
inclined  at  63°  26'  6"  to  the  horizon.  This  relation  suggests  a 
method  for  laying  off  the  axes  of  the  ellipse  at  the  correct  angle 
and  of  the  correct  length  by  a  comparatively  simple  geometrical 
process,  but  it  hardly  falls  within  the  scope  and  limits  of  the  present 
article.  It  may  be  found  described  in  the  American  Architect  for 
February  14,  1891. 


THE  FILLING  OF  MINERAL  VEINS. 

By  J.  F.  KEMP. 

The  Source  of  the  Metals, — The  metallic  contents  of  the  minerals 
which  constitute  ores,  must  logically  be  referred  to  a  source  either 
in  the  igneous  rocks  or  in  the  ocean.  If  the  nebular  hypothesis  ex- 
presses the  truth,  and  it  is  the  best  formulation  that  we  have, all  rocks, 
igneous,  sedimentary,  and  metamorphic,  must  be  traced  back  to  the 
original  nebula.  This,  in  cooling,  afforded  a  fused  magma,  which 
chilled  and  assumed  a  structure  analogous  to  the  igneous  rocks 
with  which  we  are  familiar.  Igneous  rocks  have  thus,  necessarily, 
furnished  by  their  erosion  sfnd  degradation  the  materials  of  the 
sedimentary  rocks,  and  igneous  and  sedimentary  have  alike  af- 
forded the  substances  whose  alterations  have  produced  the  meta- 
morphic rocks.  It  may  also  be  true  that  eruptive  rocks,  especially 
when  basic,  have  been  formed  by  the  oxidation  and  combination 
with  silica,  of  inner  metallic  portions  of  the  earth,  for  such  is  one 
of  our  most  reasonable  explanations  of  volcanic  phenomena,  sug- 
gested alike  by  the  composition  of  basalts,  by  the  high  average 
specific  gravity  of  the  globe,  and  by  the  analogy  of  meteorites. 

As  opposed  to  this  conception,  there  are  those  who  would  de- 
rive the  metallic  elements  of  ores  from  the  ocean,  in  which  they 
have  been   dissolved  from  its  earliest  condensation.     Thus,  it  is 
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said,  that  substantially  all  the  metals  are  in  solution  in  the  sea- 
water.  From  the  sea  they  are  separated  by  organic  life,  it  may  be 
through  sulphurous  precipitation  attendant  on  the  decay  of  dead 
plants  or  animals.  The  accumulation  of  the  remains  of  organisms 
brings  the  metals  into  the  sedimentary  strata.  Once  thus  en- 
tombed, circulations  may  concentrate  them  in  cavities.  When 
present  in  igneous  rocks,  the  latter  are  regarded  as  derived  from 
fused  sediments.*  If  the  metallic  contents  of  sedimentary  rocks 
do  not  come  from  the  ocean  in  this  way,  the  igneous  rocks  as 
outlined  above  are  the  only  possible  source.  No  special  mention 
is  here  made  of  the  metamorphic  rocks,  because,  in  their  original 
state,  they  are  referable  to  one  or  the  other  of  the  two  remaining 
classes.  But  it  is  not  justifiable,  in  the  absence  of  special  proof, 
to  consider  them  altered  sediments,  any  more  than  altered  igneous 
rocks,  and  it  is  doubtless  true,  that  the  too  generally  and  easily 
admitted  sedimentary  origin  for  our  gneisses  and  schists,  has 
materially  hindered  the  advance  of  our  knowledge  of  them  in  the 
last  forty  years. 

Microscopic  study  of  the  igneous  rocks  has  shown  that,  with  few 
exceptions,  the  rock-making  minerals  separate  from  a  fused  magma 
on  cooling  and  crystallizing,  in  a  quite  definite  order.f  Thus,  the 
first  to  form  are  certain  oxides,  magnetite,  specular  hematite, 
ilmenite,  rarely  chromite  and  picotite,  a  few  silicates,  unimportant 
m  this  connection  (zircon,  titanite),  and  the  sulphides  pyrite  or 
pyrrhotite.  Next  after  these  metallic  oxides,  etc.,  the  heavy  dark- 
colored  basic  silicates,  olivine,  biotite,  augite,  and  hornblende,  are 
formed.  All  these  minerals  are  characterized  by  high  percent- 
ages of  iron,  magnesium,  calcium  and  aluminum.  They  are  very 
generally  provided  with  inclusions  of  the  first  set.  Following  the 
bisilicates  in  the  order  of  crystallization,  come  the  feldspars,  and 
after  these,  when  some  residual  silica  remains  uncombined,  it  sep- 
arates as  quartz. 

If  we  regard  the  igneous  rocks  as  the  source,  the  metallic  ele- 
ments are  thus  to  be  found  in  the  first  and  second  series  of  crystalli- 
zations, while  the  elements  of  the  gangue  minerals  are  derived  from 
the  last  three.     It  is  a  doubtful  point,  whether  the  less  common 

*  R.  Purapelly,  article  on  "  Ore-Deposits,"  Johnson's  Encyclopadiay  vol.  vi.,  p.  22. 
J.  S.  Newberry,  "  Deposition  of  Ores,"  the  Quarterly,  v.,  337.  J.  Leconte,  **  Genesis 
of  Metalliferous  Veins,"  Amer,  Jour.  Set,,  iii.,  xxvi.,  foot  of  page  13. 

t  II.  Rosenbusch,  **  Ueberdas  Wisen  der  K5rnigen  und  Porphyrischen  Structur  bei 
Massengesteinen,"  Neues  Jahrbuch^  1882,  ii.,  I. 


32  THE  QUARTERLY. 

metals,  such  as  copper,  silver,  and  nickel,  enter  into  the  composi- 
tion of  the  dark  silicates  as  bases,  replacing  the  iron,  alumina, 
lime,  etc.,  or  whether  they  are  present  in  them  purely  as  inclu- 
sions of  the  first  series.  F.  Sandberger*  argues  in  support  of  the 
first  view,  but  his  critics,  notably  A.  W.  Stelzner,  cast  doubt  upon 
his  conclusions  on  the  ground  that  his  chemical  methods  were 
indecisive.  The  case  is  briefly  this.  Sandberger,  as  an  advocate 
of  views  which  will  be  subsequently  outlined,  separated  the  dark 
silicates  of  a  great  many  rocks.  By  operating  on  quantities  of  30 
grams  he  proved  the  presence  in  them  of  lead,  copper,  tin,  anti- 
mony, arsenic,  nickel,  cobalt,  bismuth,  and  silver,  and  considers 
these  metals  to  act  as  bases.  The  weak  point  of  the  demonstration 
consists  in  dissolving  out  any  possible  inclusions  from  the  powdered 
silicate.  There  seems  to  be  no  available  solvent  which  will  take 
the  inclusions  and  be  without  efifect  on  the  silicates.  This  is  the 
point  attacked  by  the  critics,t  and  apparently  with  reason.  It  is, 
however,  important  to  have  shown  the  presence  of  these  metals, 
even  though  their  exact  relations  be  thus  doubtful.  The  existence 
of  silver  in  quartz-porphyry  has  been  demonstrated  in  this  country 
by  J.  S.  Curtis.J  at  Eureka,  Nev. ;  both  the  precious  metals  have 
been  shown  by  G.  F.  Becker§  to  be  in  the  diabase  near  the  Com- 
stock  lode ;  and,  by  the  same  investigator,])  antimony,  arsenic, 
lead,  copper,  gold,  and  silver,  were  proved  to  be  contained  in  the 
granite  near  Steamboat  Springs,  Nev.  S.  F.  EmmonsTf  has  also 
shown  that  the  porphyries  at  Leadville  contain  appreciable,  though 
small  amounts  of  silver.  Of  forty-two  specimens  tested,  thirty- 
two  afforded  it ;  of  seventeen  tested  for  lead,  fourteen  yielded 
results.  Undoubtedly,  the  multiplication  of  tests  will  show  similar 
metallic  contents  in  other  regions.  Thus  the  augite  of  the  Triassic 
diabase  will  probably  yield  copper,  for  this  metal  is  abundant  in 
connection  with  the  outflows. 


*  The  principal  paper  of  Professor  Sandberger  is  his  "  Untersuchungen  Uber  Erz- 
gilnge,"  1882,  abstracted  in  the  Eng.  and  Min,  Jour, ^  March  15,  22,  29,  1884:  but  a 
long  series  of  others  might  be  cited  in  which  the  investigations,  notably  at  Pribram, 
Bohemia,  are  interpreted  as  indicated  above. 

f  A.  W  Stelzner,  B.  ^  H  Zeit  ^  xxxix.,  No.  3.  Zeitsch^d.  d,g,^  Gesell.  xxxi.,  644. 
"Die  Lalerallsecretions-Theorie,  etc."     Reprint,  Freiberg,  1889. 

J  Monograph  vii.,  U.  S.  Geol.  Survey. 

\  Monograph  iii,,  U.  S.  Geol.  Survey. 

{{   Monograph  xiii.,  U.  S.  Geol.  Survey 

^   Monograj^h  xii  ,  U.  S.  Geol.  Survey. 
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The  Methods  of  Filling. — Methods  of  filling  were  summed  up  a 
very  long  time  ago  by  v.  Herder  and  v.  Cotta*  as  follows :  i.  Con- 
temporaneous formation.  2.  Lateral  secretion.  3.  Descension. 
4.  Ascension  by  infiltration  or  by  sublimation  with  steam,  or  by 
sublimation  as  gas,  or  by  igneous  injection.  To  these  should  be 
added  the  more  recent  theory  of  5.  Replacement,  which,  however, 
is  rather  a  method  of  precipitation  than  of  derivation.  No  one 
longer  believes  in  contemporaneous  formation,  and  descension  has 
an  extremely  limited,  if  indeed  any  application.  Ascension  by 
sublimation  as  gas  or  with  steam,  or  by  igneous  injection,  finds 
few,  if  any  supporters.  The  discussion  is  practically  reduced  to 
lateral  secretion  and  ascension  by  infiltration. 

Lateral  Secretion. — By  lateral  secretion  is  understood  the  deri- 
vation of  the  contents  of  a  vein  from  the  wall  rock.     The  wall 
rock  may  vary  in  character  along  the  strike  and  in  depth.     Three 
interpretations  may  be  made,  two  of  which  approach  a  common 
middle    ground  with  ascension  by  infiltration.     It   may  first   be 
supposed  that   the  vein  has  been  filled  by  the  waters  near  the 
surface,  which  are  known  to  be  soaking  through  all  bodies  of 
rock,  even  where  no  marked  water-way  exists,  and  which  ooze 
from  the  walls  of  any  opening  which  may  be  afforded.     Being 
at  or  within   comparatively  short   distances  of  the   surface,  the 
¥iraters  are  not  especially  heated.     As  they  emerge  to  the  oxi- 
dizing and  evaporating  influence  of  the  air  in  the  cavity,  their 
burden  of  mineral  is  deposited  as  layers  on  the  walls.    The  second 
interpretation  supposes  the  walls  to  be  placed  during  the  time  of 
filling  at  considerable  depths  below  the  surface,  so  that  the  perco- 
lating waters  are  brought  within  the  regions  of  elevated  tempera- 
ture and  pressure.     Essentially  the  same  action  takes  place  as  in 
the  first  case.     The  third  interpretation  increases  the  extent  of 
rock  leached.     Thus  if  a  mass  of  granite  encloses  a  vein  and 
extends  to  vast  depths,  we  may  suppose  the  waters  to  come  from 
considerable  distances,  and  to  derive  their  dissolved  minerals  from 
a  great  amount  of  rock  of  the  same  kind  as  the  walls.     Portions 
of  this  may  even  be  in  the  regions  of  heat  and  high  temperature, 
while  the  place  of  precipitation  is  nearer  the  surface.     These  latter 
two  interpretations  have  much  in   common  with   the  theory  of 
ascension   by  infiltration,  and  on  this  common  middle  ground 


*  Ei{zlagerstaiten^  2d  edition,  1859.     Vol.  i.,  p.  172, 
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lateral  secretionists  and  infiltration  ascensionists  may  be  in  har- 
mony. 

Ascension  by  Infiltration. — The  theory  of  infiltration  by  ascen- 
sion in  solution  from  below  considers  that  ore-bearing  solutions 
have  come  from  the  heated  zones  of  the  earth,  and  that  they  rise 
through  cavities,  and  at  diminished  temperatures  and  pressures 
deposit  their  burdens.  No  restriction  is  placed  on  the  source  from 
which  the  mineral  matter  has  been  derived.  Indeed,  beyond,  that 
it  is  "  below,"  and  yet  within  the  limits  reached  by  waters,  all  of 
which  have  descended  from  the  surface,  and  that  the  metals  have 
been  gathered  up  from  a  disseminated  condition  in  rocks  igneous, 
sedimentary  and  metamorphic ;  no  more  definite  statement  is  pos- 
sible. It  is  of  necessity  largely  speculative,  because  the  materials 
for  its  verification  are  beyond  actual  investigation. 

In  favor  of  lateral  secretion  the  following  arguments  may  be 
advanced:  i.  According  to  Sandberger,  actual  experience  with 
the  conduits,  either  natural  or  artificial,  of  mineral  springs,  shows 
that  a  deposit  seldom  if  ever  gathers  in  a  moving  current.  It  is 
only  when  solutions  come  to  rest  on  the  surface  and  are  exposed 
to  oxidation  and  evaporation  that  precipitation  ensues.  Deposits 
in  veins  have  therefore  formed  in  standing  waters  whose  slight 
overflow  or  evaporation  would  be  best  compensated  by  the  equally 
slight  and  gradual  inflow  from  the  walls.  If,  in  hot  springs,  there 
were  a  strong  and  continuous  flow  from  below  and  discharge  from 
above,  the  mineral  matter  would  reach  the  surface.  (Sandberger, 
UntersMchungen  uber  Erzgange^  Heft  i).  Hence  the  deposit  would 
be  more  likely  to  gather  in  the  slow  infiltration  from  the  wall 
rock,  which  would  stand  in  cavities  like  a  well.  We  have,  how- 
ever, some  striking  instances  of  deposits  in  artificial  conduits. 
Professor  H.  S.  Munroe  has  called  the  writer's  attention  to  a  case 
met  by  him  the  past  summer.  The  14-inch  column  pipe  of  a 
pump  at  the  Indian  Ridge  Colliery,  Shenandoah,  Penna.,  which 
was  raising  ferruginous  waters,  became  reduced  in  diameter  to  5 
inches  within  two  years  by  the  deposit  of  limonite.  The  same 
amount  of  water  was  forced  through  the  5-inch  conduit  as  the  14. 
By  figuring  out  the  stroke  and  cylinder  contents,  it  is  found  that 
in  the  clear  pipe  the  water  moved  162  feet  per  minute,  and  in  the 
contracted,  1 268  feet  per  minute.  And  yet  the  deposit  gathered. 
The  condition  necessitated  the  continuous  action  of  the  pump  and 
it  was  not  idle  over  two  hours  in  each  two  months  of  that  period. 
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The  boiler-feed  pipes  of  steamers  plying  on  the  great  lakes  also 
become  coated  with  salts  of  lime.  Years  ago  a  disastrous  boiler 
explosion  occurred  from  the  virtual  stoppage  of  the  feed  by  this 
precipitation. 

2.  If  a  vein  were  opened  up  in  mining,  which  ran  through  two 
different  kinds  of  rock,  and  if  in  the  one  rock  one  kind  of  ore  and 
gangue  minerals  were  found,  and  in  the  other  a  different  set,  the 
wall  rock  would  clearly  have  some  influence.  Thus  in  a  mine  at 
Schapbach,  in  the  Black  Forest,  investigated  by  Sandberger,  a  vein 
ran  through  granite  and  gneiss.  The  mica  of  the  granite  contained 
arsenic,  copper,  cobalt,  bismuth  and  silver,  but  no  lead.  The  prin- 
cipal ore  in  this  portion  was  gray  copper.  The  mica  of  the  gneiss 
contained  lead,  copper,  cobalt  and  bismuth,  and  the  vein  held 
galena,  chalcopyrite  and  a  rare  mineral,  schapbachite,  containing 
bismuth  and  silver,  but  probably  a  mixture  of  several  sulphides. 
No  two  ores  were  common  to  both  parts  of  the  vein.  Another 
well  established  foreign  illustration  is  at  Klausen,  in  the  Austrian 
Tyrol :  lead,  silver  and  zinc  occurred  in  the  veins  where  they  cut 
dtorite  and  slates,  but  copper  where  mica  schist  and  felsite  formed 
the  walls.  In  America  there  are  a  number  of  similar  cases.  At 
the  famous  Silver  Islet  Mine,"*"  on  Lake  Superior,  the  vein  runs 
through  unaltered  flags  and  shales,  and  then  crosses  and  faults  a 
large  diorite  dike.  When  the  diorite  forms  the  walls,  the  vein 
carries  native  silver  and  sulphides  of  lead,  nickel,  zinc,  etc.,  but 
where  the  flags  form  the  walls,  the  vein  carries  only  barren  calcite. 
Along  the  edges  of  the  estuary  Triassic  sandstones  of  the  Atlantic 
border,  where  they  adjoin  Archaean  gneiss,  a  number  of  veins  are 
found  carrying  lead  minerals,  while  in  the  sandstones  n<Sar  the  well 
known  diabase  sheets  and  dikes,  are  others  carrying  copper  ores. 
It  was  early  remarked  by  J.  D.  Whitney  that  the  lead  was  usually 
associated  with  the  gneiss,  the  copper  with  the  diabase. 

From  instances  like  these  it  is  inferred  that  the  ores  were  de- 
rived each  from  its  own  walls,  and  by  just  such  a  leaching  action 
by  cold  surface  waters  as  is  outlined  above.     As  opposed  to  this, 

♦  W.  M.  Courtis, "On  Silver  Islet,"  Eng.  and Min.  Jour. ^  Dec.  21,  1878.    Insf, 
Min,  Eng.^  v.,  474. 
F.  A.  Lowe,  "  The  Silver  Islet  Mine,  etc.,"  Eng,  and  Min.Jour.^  Dec,  16,  1882, 

p.  321. 

T.  MacFarlane,  "Silver  Islet,"  Inst,  Min,  Eng.,  viii.,  226.     Canadian  Natur- 
aHst,  iv.,  37. 

McDermoit,  Eng,  and  Miu,  Jtmr.,  Jan.,  1877. 
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it  has  usually  been  claimed  that  each  particular  wall  exerted  a 
peculiar  selective  and  precipitating  action  on  the  metals  found 
adjacent  to  it,  and  none  on  the  others ;  so  that  if  a  solution  arose 
carrying  both  sets,  each  came  down  in  its  particular  surroundings, 
while  the  others  escaped.  Mr.  W.  P.  Jenney  has  called  the 
writer's  attention  to  such  a  case.  The  Head  Centre  mine,  in  the 
Tombstone  District,  Arizona,  is  on  a  vein  which  pierces  slates, 
and  in  one  place  forty  feet  of  limestone.  In  the  slates  it  carried 
high-grade  silver  ores,  with  no  lead,  but  in  the  limestone  lead- 
silver  ores.  A  rock  like  limestone  might  well  exercise  a  precipi- 
tating action,  which,  however,  we  cannot  attribute  to  rocks  com- 
posed of  the  more  inert  silicates.  Again,  it  has  been  said  that  the 
solutions  coming  from  below  have  varied  in  different  portions  of 
the  vein  or  at  different  periods.  An  earlier  opening  would  thus 
be  filled  with  one  ore,  a  later  with  another.  This  is  hypothetical, 
but  has  been  advanced  for  Klausen  by  Posepny  {Archiv.f.Praktische 
Geologie,  p.  482).  A  further  general  objection  to  the  first  interpre- 
tation of  lateral  secretion  is  the  weak  dissolving  power  of  cold 
surface  waters,  and  this  is  a  very  serious  one. 

As  opposed  to  the  second  interpretation,  it  may  be  advanced 
that  precipitation  in  a  cavity  at  a  great  depth  would  be  retarded 
by  the  heat  and  pressure  to  just  that  extent  to  which  solution  in 
the  neighboring  walls  would  be  aided.  The  temperature  and 
pressure  being  practically  the  same,  the  tendency  to  remain  in 
solution  would  be  great  until  the  minerals  had  reached  upper 
regions  and  filled  the  cavity  by  ascension.  Under  such  circum- 
stances ores  would  only  be  deposited  below  by  some  such  action 
as  replacertient.  To  the  third  interpretation  no  theoretical  objec- 
tions can  be  made.  • 

Infiltration  by  Ascension. — On  the  side  of  infiltration  by  ascen- 
sion, if  two  veins  or  sets  of  veins  were  found  in  the  same  wall-rock 
but  with  different  kinds  of  ores  and  minerals,  the  conclusion  would 
be  irrefutable  that  the  respective  solutions  which  formed  them  had 
come  from  two  different  sources  below.  Thus,  at  Butte,  Montana, 
there  is  a  great  development  of  a  dark  basic  granite.  It  contains 
two  series  of  veins,  of  which  the  southern  produces  copper  sul- 
phides in  a  siliceous  gangue,  the  northern,  sulphides  of  silver,  lead, 
zinc  and  iron,  also  in  a  siliceous  gangue,  but  abundantly  associ- 
ated with  manganese  minerals,  especially  rhodonite.  No  man- 
ganese occurs  in  the  copper  belt,  nor  is  any  copper  found  in  the 
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silver  belt.  Such  results  could  only  originate  in  different  deep- 
seated  sources.  Again,  at  Steamboat  Springs,  Nevada,  and  Sul- 
phur Bank,  California,  the  hot  springs  are  still  in  action  and  are 
bringing  their  burdens  of  ore  and  gangue  to  the  surface.  The 
former  has  afforded  a  long  series  of  metals,  the  latter  chiefly  cinna- 
bar. G.  F.  Becker*  has  shown  that  the  cinnabar  probably  comes 
up  in  solution  with  alkaline  sulphides. 

Replacement. — The  chemistry  of  the  replacement  process  is 
none  too  well  understood,  but  it  presents  less  difficulties  when 
applied  to  a  soluble  rock,  like  limestone  or  dolomite,  than  when 
the  rocks  composed  of  silicates  and  quartz  have  given  way  to 
ores.  Acid  solutions  would  readily  yield  to  calcium  carbonate, 
but  if  the  metals  are  present  as  sulphates,  some  reducing  agent  is 
necessary,  such  as  organic  matter,  in  order  to  change  the  metallic 
sulphate  to  sulphide.f  Or  else,  if  the  metallic  sulphides  came 
up  in  solution  with  alkaline  sulphides,  some  third  agent  is  needed 
to  remove  the  calcium  carbonate,  pari  passu,  just  before  the 
metallic  sulphide  is  precipitated.  It  must  be  confessed  that  for 
enormous  bodies  of  ore,  like  those  of  Leadville,  the  small  amount 
of  organic  matter  present  seems  hardly  equal  to  the  task  assigned 
it,  and  the  delicate  balance  of  the  latter  case — causing  deposit  to 
tread  so  closely  on  the  heels  of  rock  removal,  in  order  to  avoid 
assuming  an  extended  cavity — makes  it  appear  that  the  entire 
chemistry  of  the  process  is  perhaps  hardly  yet  understood. 

Where  silicate  rocks  are  replaced,  leaving  a  siliceous  gangue, 
the  process  may  have  been  somewhat  as  suggested  by  R.  C.  Hills 
for  the  mines  of  Summit  Peak,   Rio  Grande  Co.,  Colo.      (See 
Proc,  Colo,  Set.  Soe.y  vol.  i.,  p.   20).     Alkaline  solutions  remove 
silica  and  have  slight  action  on  silicates,  but  solutions  acid  with 
sulphuric  acid  attack  silicates,  such  as  feldspar  and  biotite,  remove 
the  alumina  or  change  it  to  kaolin,  and  cause  the  separation  of 
free  silica.     In  the  alteration  product  abundant  opportunity  would 
be  afforded  for  the  precipitation  of  sulphides,  which  would  re- 
place— ^in  part,  at  least — the  rock.     Along  a  crack  or  line  of  drain- 
age definite  walls  would  thus  easily  fade  out.     Such  phenomena 


*  G.  F.  Becker,  **  Natural  Solutions  of  Cinnabar,  Gold  and  Associated  Sulphides," 
Amtr.Jour,  Set.,  iii.,  xxxiii.,  199;  8th  Ann.  Rep.  Dir.  U.  S.  G.  S.,  p.  965,  Monograph 
xiii.,  U.  S.  Geol-  Surv. 

t  Compare  S,  F.  Emmons'  On  the  Replacement  of  Leadville  Limestones  and  Dolo- 
mites by  Sulphides,  monograph  xii.,  U.  S.  Geol.  Sur.,  \y.  563. 
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are  afforded  by  innumerable  ore-deposits  (see  R.  W.  Raymond, 
Discussion  of  S.  F.  Emmons'  "Notes  on  the  Geology  of  Butte, 
Mont.,"  Trans.  Inst,  Min,  Eng.,  July,  1877),  and  often  come  under 
the  notice  of  every  one  familiar  with  mining.  Yet  we  cannot  but 
hope  that  in  the  future  our  knowledge  of  the  chemical  reaction 

involved  will  be  increased. 

Geological  Laboratory,  Columbia  College. 
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The  report  on  mine  ropes  in  Belgium,  England,  and  Germany, 
made  to  the  French  government  by  Aquillon,  may  be  thus  sum- 
marized : 

With  regard  to  the  material  for  pit-ropes,  whether  hemp,  or  iron, 
or  steel  wire,  and  their  shape,  whether  round  or  flat,  the  advan- 
tages attributed  to  hemp  ropes,  of  giving  warning  before  they  break, 
is  shared  equally  by  wire  ropes  when  properly  looked  after,  and 
the  latter  can  be  employed  with  as  much  safety  as  hemp  ropes, 
when  proper  care  is  bestowed  upon  everything  affecting  their  work- 
ing. In  wet  pits,  particularly  where  the  water  is  at  all  corrosive, 
or  where  it  is  wound  up  in  buckets  instead  of  being  pumped,  aloes 
ropes  are  preferable.  But  in  up-cast  shafts,  however  slightly  warm 
be  the  air-current,  wire  ropes  should  be  used  in  spite  of  the  disad- 
vantage of  their  hemp  core.  In  the  absence  of  any  such  special 
reasons  the  choice  of  material  is  more  a  question  of  economy  and 
convenience  than  of  safety.  Where  it  is  determined  that  the  rope 
shall  be  flat  instead  of  round,  the  power  of  the  winding  engine  in 
deep  pits  can  be  better  balanced  with  a  hemp  rope,  because  a  flat 
wire  rope  is  too  thin, to  alter  the  leverage  quickly  enough  in  coiling 
or  uncoiling  on  the  rope  roll,  and  would  involve  some  kind  of  coun- 
terbalance, which  would  be  a  matter  of  difficulty.  This  is  the  practi- 
cal reason  why  several  deep  pits  in  France  have  recently  changed 
from  flat  wire  ropes  to  flat  aloes  ropes.  With  wire,  too,  there  is 
much  more  difficulty  in  making  a  good  flat  rope  than  a  good  round 
one ;  and  round  ropes  winding  on  conical  or  spiral  drums  afford  a 
convenient  means  of  balancing  the  engine  power.      As  to  the 


*  From  Report  of  the  Secretary  for  Mines  for  Victoria  during  the  year  1890. 
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choice  bebveen  steel  and  iron  for  wire  ropes,  German  and  English 
practice  goes  to  show  that  steel  ropes,  well  made  and  of  a  suitable 
quality  of  steel,  are  capable  of  working  better  in  all  respects,  and 
appear  even  to  be  safer.  The  exclusive  use  of  steel  wire  ropes  in 
Germany  and  England,  and  of  hemp  or  aloes  ropes  in  Belgium, 
for  all  depths  of  pit,  is  attributed  to  the  degree  of  excellence  which 
has  been  arrived  at  in  the  two  former  steel-producing  countries  in 
the  manufacture  of  steel  wire  of  sufficiently  homogeneous  quality 
and  otherwise  suitable  for  ropes  ;  whereas  in  Belgium  the  manu- 
fecture  of  aloes  or  hemp  ropes  has  always  been  a  special  industry 
of  Flanders,  where  it  has  attained  a  rare  degree  of  perfection. 
The  whole  of  the  winding-gear  should  always  be  carefully  adapted 
to  the  particular  material  of  which  the  ropes  are  made.  In  France 
the  mistake  has  generally  been  committed  of  ordering  a  rope  with- 
out giving  the  maker  any  idea  of  the  conditions  under  which  it  is 
to  work,  the  very  make  being  often  specified  for  him  in  detail. 
Elsewhere  the  more  sensible  practice  is  to  consult  with  the  maker 
throughout,  furnishing  him  with  complete  information  as  to  the 
whole  of  the  requirements  to  be  fulfilled. 

In  addition  to  being  tested,  all  ropes  should  be  guaranteed  by 
the  makers.  In  Belgium  the  guarantee  for  aloes  ropes  is  generally 
that  they  shall  last  1^-2^  years,  or  else  for  a  given  output ;  and 
i-i2th  or  i-24th  of  their  value  is  deducted  for  every  month  short  of 
their  stipulated  duration.  At  the  Royal  Collieries  at  Saarbriicken, 
the  ropes,  of  English  crucible  cast-steel  wire  are  guaranteed  for 
six  weeks,  during  which  the  maker  is  held  liable  to  replace  them 
if  found  defective.  Testing  should  apply  for  hemp  and  aloes  ropes, 
both  to  the  raw  material  itself  and  to  the  spun-yarn,  as  well  as  'to 
sample  lengths  of  the  finished  ropes.  The  twist  of  the  rope  and 
the  stitching  of  a  flat  rope  should  be  very  uniform  ;  and  the  rope 
should  not  contain  more  than  20  per  cent,  of  tar. 

Iron  wire  for  ropes  should  be  strong,  hard,  pliable,  and  not  gal- 
vanized, and  should  be  selected  from  standard  makes.  Steel  wire 
should  be  made  from  crucible  cast-steel,  of  very  homogeneous  and 
comparatively  hard  quality,  and  suitably  annealed ;  it  should  have 
a  tensile  strength  of  70-76  tons  per  square  inch,  and  should  stretch 
3-5  per  cent,  and  be  pliable.  It  should  be  tested  for  tensile  strength, 
stretching,  bending,  and  torsion  ;  and  all  the  wires  in  the  same  rope 
should  be  as  closely  alike  as  possible.  Sample  lengths  of  the  rope 
itself  should  also  be  tested.      The  lay  of  the  wires  and  strands 
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should  be  regular ;  in  flat  ropes  the  stitching  should  be  regular, 
and  should  be  done  with  annealed  wire.  Torsion  is  considered  an 
excellent  test  for  homogeneous  quality  in  wire ;  steel  wires  of 
0.059  '^^^  ando.118  inch  diameter  should  stand  twisting  through 
40  and  20  revolutions  respectively  in  an  unloaded  length  of  6  in. ; 
and  the  surface  markings  produced  by  the  twisting  should  follow 
regular  lines. 

The  size  of  the  wires  and  length  of  their  lay  or  pitch  in  the  rof>e 
should  vary  in  accordance  with  the  diameter  of  the  drums  and  pul- 
leys round  which  the  rope  will  have  to  work,  and  particularly  with 
the  distance  between  the  drum  and  the  pit-head  pulley,  and  with 
the  angle  which  the  inclined  span  winding  on  the  drum  makes 
with  the  vertical  portion  hanging  down  the  pit.  These  are  essen- 
tial points  for  determining  the  stiffness  requisite  to  prevent  the  rope 
from  flapping  as  it  runs. 

Experience  proves  that  the  very  material  itself  of  every  rope 
does  certainly  undergo  deterioration  in  working,  thereby  dimin- 
ishing the  rope's  strength  till  it  becomes  no  longer  safe.  This  de- 
terioration of  material  is  something  more  than  mere  wear  by  friction 
or  rusting ;  in  aloes  ropes  the  fibres  lose  their  strength,  and  in 
wire  ropes,  even  where  testing  fails  to  show  any  loss  of  tensile 
strength  per  square  inch  of  section,  there  is  a  clear  diminution  of 
pliability  and  elasticity ;  the  wires  become  harsh  and  brittle, 
whereby  the  rope  is  weakened.  Though  the  deterioration  is  gen- 
erally accompanied  by  unmistakable  external  indications,  it  is  yet 
desirable  to  trace  'its  progress  by  actual  tests  of  the  individual 
wires  or  of  the  end  of  the  rope  itself. 

Large  diameters  for  drums  and  pulleys  are  of  more  importance 
for  wire  ropes  than  for  hemp,  and  for  steel  than  for  iron.  The 
smallest  diameter  should  be  at  least  1 300-1400  times  that  of  the 
iron  wire  in  a  rope,  and  2000  times  that  of  the  steel  wire.  Its 
relation  to  the  size  of  the  rope  itself  matters  less,  because  the  dis- 
advantage of  too  small  a  diameter  can  be  obviated  by  selecting  a 
suitable  size  of  wire  and  by  a  suitable  make  of  rope.  It  is  well, 
however,  for  the  smallest  diameter  of  pulley  or  drum  to  be  not  less 
than  80-100  times  the  diameter  or  thickness  of  the  wire  rope,  and 
50  times  for  a  hemp  rope. 

The  rope  should  wind  smooth  on  the  drums  or  pulleys  without 
rubbing  sideways  against  them,  and  so  as  to  run  free  from  jolts  and 
flapping.     For  wire  ropes  it  is  desirable  to  line  the  grooves  of  the 
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pulleys  with  wood.  The  larger  the  diameter  of  the  head-gear  pul- 
ley the  less  does  it  matter  how  small  be  the  angle  which  the 
inclined  span  winding  on  the  drum  makes  with  the  rope  hanging 
down  the  pit;  but  with  smaller  diameters  of  pulley  the  angle  should 
be  increased,  in  order  thereby  to  diminish  the  bending  of  the  rope 
in  passing  over  the  pulley.  Opinions  differ  as  to  the  minimum 
angle  to  be  allowed.  Some  assign  40°  as  the  limit,  while  accord- 
ing to  others  it  should  never  be  less  than  60°.  In  plan,  the  ob- 
liquity of  a  round  rope  between  the  overhead  pulley  and  the  drum 
shofild  always  be  kept  within  the  smallest  possible  limits. 

In  doubling  back  the  rope  end  for  attaching  it  to  the  cage,  the 
loop  should  be  kept  as  large  as  possible  by  inserting  within  it  an 
iron  eye  or  a  wooden  disc  ;  this  is  particularly  advisable  with  iron 
wire  ropes,  and  still  more  so  with  steel.  The  attachment  should 
also  be  made  with  springs,  for  easing  the  jerk  at  starting. 

Iron  or  steel  wire  ropes  of  large  size  should  not  work  at  more 
than  one-tenth  of  their  breaking  strength  ;  small  round  ropes  may 
be  worked  up  to  one-sixth  ;  well-made  aloes  ropes  may  be  loaded 
to  one-seventh  or  one-eighth. 

Careful  maintenance  is  indispensable  to  the  preservation  of  all 
ropes,  especially  of  wire  ropes.  Hemp  ropes  need  tallowing  reg- 
ularly, and  aloes  ropes  need  to  be  kept  always  damped.  Wire 
ropes,  steel  particularly,  should  be  greased  regularly,  and  often 
enough  to  prevent  their  ever  beginning  to  rust.  The  grease  should 
be  soft  enough  to  work  into  the  strands  right  through  the  hemp 
cores,  but  stiff  enough  to  stick  on  the  outside 'of  the  rope.  A  mix- 
ture of  oil  and  grease,  well  stirred  and  laid  on  hot  with  a  brush, 
answers  very  well;  both  oil  and  grease  should  be  neutral. 

Iron  wire  ropes  are  rapidly  being  replaced  by  steel  wire,  owing 
to  the  less  weight  needed  to  afford  the  same  strength.  But  it 
must  be  remembered  that  when  the  mine  water  contains  much  acid 
the  steel  will  wear  much  faster  than  the  iron. 

The  softer  kinds  of  steel,  which  contain  least  carbon,  approach 
wrought-iron  in  character,  having  equal  toughness,  greater  strength, 
and  the  same  capacity  of  welding.  The  mildest  steels  contain 
0.15-0.4  per  cent,  of  carbon,  and  the  hardest  1.4-1.6  per  cent. 
The  following  are  the  breaking  strains  per  square  inch  of  wire  of 
some  of  the  most  usual  varieties  employed  in  rope-making,  as 
given  by  Frecheville : 
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Tons. 

Mild  steel, from  40  to    50 

Best  crucible  steel, **     50  to    60 

Best  patent  steel, **    70  to    80 

Best  plough  steel, ''  iiotoizo 

Too  great  stress  cannot  be  laid  upon  the  necessity  of  having 
ropes  constructed  of  the  best  material.  The  selection  of  the  ma- 
terial, however,  somewhat  depends  on  the  conditions  of  working. 
Thus,  with  a  perpendicular  shaft  and  large  drums  and  pulleys, 
a  plough-steel  wire  rope  will  be  found  the  most  reliable ;  but  with 
small  drums  and  pulleys,  and  a  shaft  with  angles  in  it,  a  rope 
made  of  best  patent  steel,  or  mild  steel,  will  last  longer,  as  the 
wires  are  not  so  apt  to  snap  in  bending.  In  describing  a  wire 
rope,  the  number  of  strands,  the  number  of  wires  in  each  strand, 
their  gauge,  their  quality  of  metal,  and  the  material  of  which  the 
centre  or  core  is  composed,  should  be  specified. 

As  to  the  gauge — since  the  ultimate  strength  of  wire  increases 
as  its  diameter  decreases,  and  since  small  wires  are  more  pliable 
than  large  ones,  it  would  seem  that  the  iiner  the  wire  used  the 
better;  but  there  is  a  practical  limit  to  this,  as  very  fine  wire 
offers  too  much  surface  for  oxidation,  and  is  too  easily  injured  by 
friction.  Experience  has  shown  that  it  is  advisable  to  employ  me- 
dium-sized wires,  between  Nos.  10  and  i5.of  the  Birmingham  wire 
gauge. 

For  ordinary  work,  hemp  cores  or  centres  have  been  proved  the 
best ;  they  stretch  with  the  strands,  allow  the  wires  to  bed  them- 
selves solidly,  and  give  ropes  greater  flexibility  than  could  be  ob- 
tained with  wire  centres.  The  latter  have  not  given  very  satisfactory 
results  in  practice,  although  a  greater  breaking  strain  is  obtained 
with  a  relatively  smaller  rope. 

There  are  many  modifications  in  the  methods  of  laying  or  twist- 
ing the  wires. 

Common  laid  rope  often  has  six  strands,  with  seven  wires  in 
each,  the  size  of  the  wire  being  altered  to  suit  the  size  of  the  rope. 
Compound  ropes  (that  is,  ropes  with  more  wires  in  the  strands  than 
the  usual  construction,  in  addition  to  other  varieties)  have  six 
strands  with  nineteen  equal-sized  wires  in  each,  or  seven  strands 
with  six  wires  of  about  fifteen  gauge  in  the  middle  and  twelve 
round  the  outside  alternately  fifteen  gauge  and  twelve  ;  ropes  with 
six  strands  of  eleven,  twelve  and  thirteen  wires  each  are  frequently 
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manu&ctured.  Some  makers  prefer  the  inner  wires  of  each  strand 
smaller,  so  as  to  be  more,  flexible  than  the  outer.  Six  strands  in 
a  rope  are  better  than  four  or  five,  as  they  make  it  more  cylindri- 
cal and  consequently  the  friction  is  better  distributed.  Six  strands 
of  nineteen  wires  each  make  very  durable  ropes ;  these  work 
better  than  one  of  equal  size  composed  of  six  or  seven  wires 
in  a  strand ;  as  the  latter,  being  larger  and  less  pliable,  are 
more  liable  to  snap  in  bending  round  pulleys  and  drums. 
When  three  or  four  of  these  large  wires  break  near  together  the 
rope  is  hardly  fit  for  work,  whereas  the  breakage  of  that  number 
of  small  wires  would  be  of  much  less  consequence.  More  mate- 
rial can  be  got  into  the  same  sized  rope  when  compound  instead 
of  common  laid,  as  the  smaller  wires  do  not  leave  so  much 
space  between. 

On  account  of  the  many  diflerent  varieties  of  steel  wire  em- 
ployed in  the  manufacture  of  ropes,  and  the  varying  size  of  the 
hemp  centres,  and  the  empty  spaces  above  referred  to,  it  is  impos- 
sible to  state  a  formula  for  determining  the  dimensions  of  a  steel 
wire  rope  required  to  bear  a  given  strain.  As  the  nature  of  a 
wire  rope,  however,  is  defined  by  number  and  size  of  the  wires, 
it  is  easy,  if  we  know  the  section  and  weight  per  fathom  of  the 
gauge  employed,  to  determine  the  eflfective  sectional  area  of  the 
rope  and  its  weight  per  fathom ;  given,  then,  the  quality  of  the  metal, 
the  breaking  strain  of  the  rope  can  be  approximately  estimated. 

The  following  table  by  Frecheville,  in  which  the  numbers  of  the 
Birmingham  wire  gauge  most  usually  employed  in  the  construction 
of  mine  rope  are  compared  with  inches,  and  the  weight  of  a  cubic 
foot  of  steel  is  taken  at  487  lbs.,  will  be  found  useful  in  these  cal- 
culations : 


No.  B.  W.  G. 

» 

Diameter  in      •  Sectional  area  in 
inches.                square  inches. 

Weight  per  fathom 
inlbfl. 

10 
II 
12 

'3 

15 

.137 
.125 

.109 

.095 
.083 

.072 

.01474 
.    .01227 

.00933 
.00708 

.00541 

.00407 

.2990 
.2489 

.i«93 

.1436 
.1097 
.0825 
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Thus,  in  the  case  of  a  steel  wire  rope  composed  of  six  strands, 
seven  wires  in* each,  of  ten  gauge,  the  effective  sectional  area  will 
be  6  X  7  X  .01474  =  .61908  square  inches,  and  its  weight  per  fathom 
in  metal  6  x  7  x  .2990  =  12.55  lbs.  If  best  plough  steel  wire,  with 
a  breaking  strain  of  120  tons  per  square  inch,  was  employed  in  its 
manufacture,  then  .61908,  the  effective  sectional  area,  x  1 20  tons 
=  74.28  tons,  and  deducting  one-eighth  for  lay,  we  obtain  65  tons 
as  about  the  breaking  strain  of  the  rope. 

Again,  let  us  suppose  a  compound  rope  made  of  the  best  patent 
steel  wire,  with  breaking  strain  of  75  tons  per  square  inch,  and 
composed  of  six  strands  of  nineteen  wires  each,  thirteen  gauge. 
The  following  calculation — 6  x  19  x  .00708,  sectional  area  of  each 
wire,  x  75  tons,  breaking  strain  per  square  inch  of  wire,  less  one- 
eighth  for  lay,  gives  52.97  tons  as  the  approximate  breaking  strain 
of  the  rope.  Such  a  rope  with  hemp  core  and  fairly  made  would 
weigh  about  18  pounds  per  fathom,  and  have  a  circumference  of 
about  4^  inches.  The  actual  breaking  strain,  however,  can 
only  be  found  out  by  testing  sample  lengths  of  the  finished 
ropes. 

As  the  operations  of  manufacture  introduce  so  many  elements 
of  uncertainty  in  wire  ropes,  it  is  well  to  allow. a  wide  margin  of 
safety — especially  where  their  breakage  would  endanger  life — ^and 
take  the  working  load  as  one-tenth  of  the  ultimate  strength  or 
breaking  strain.  The  weight  of  the  rope  hanging  over  the  pulley 
at  the  poppet- heads  is,  of  course,  included  in  the  working  load. 
In  very  deep  mines  this  weight,  even  with  steel  wire  ropes,  be- 
comes a  matter  of  such  serious  consideration  that  tapering  ropes 
have  to  be  used.  In  the  case  of  a  rope  working  at  a  very  slow 
speed,  such,  for  instance^  as  a  capstan  rope,  a  larger  factor  of  safety 
than  one-tenth  may  be  adopted.  Since  any  extra  strain  on  a  rope 
leaves  it  weaker  than  it  was  before,  on  no  account  should  a  rope 
used  for  raising  men  be  ever  worked  above  its  fair  working  load. 
In  drawing  mineral  in  Cornwall,  the  custom  is  to  let  the  skip  down 
on  a  *'  gate  "  put  across  the  shaft.  Probably  the  greatest  strain 
the  rope  has  to  bear  is  when  the  full  skip  is  lifted.  Experiments 
made  at  some  coal  mines  prove  that  when  the  full  cage  is  lifted 
from  the  bottom  about  double  the  ordinary  strain  due  to  the  load 
is  produced.'  This  arises  from  the  inertia  of  the  mass  to  be  moved. 
In  the  case  of  a  skip  resting  on  a  "  gate,"  the  more  slack  chain 
there  is  the  s^reater  will  be  the  strain  on  the  rooe  at  starting. 
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In  winding  men  there  should  be  no  resting-place  for  the  cage ; 
the  engine  should  be  started  gently,  driven  regularly,  and  with  a 
speed  of  only  about  two-thirds  of  what  is  otherwise  usual.  The 
rope  also  should  be  examined  every  twenty-four  hours,  and  this 
should  be  done  by  winding  it  slowly  through  the  operator's  hands ; 
if  he  does  not  happen  to  see  the  broken  wires  in  all  probability  he 
will  feel  them.  Occasionally  the  rope  should  be  thoroughly 
cleaned,  and  its  condition  more  minutely  ascertained.  When 
broken  wires  are  found,  the  longest  may  be  tucked  underneath, 
and  the  others  cut  off,  to  prevent  their  catching  and  doing  further 
mischief.  A  new  rope  should  be  tested  with  several  days'  wind- 
ing before  men's  lives  are  trusted  to  it. 

It  is  indispensable  for  the  preservation  of  steel  wire  ropes  that 
they  should  be  greased  regularly.     The  grease   used  should  be 
perfectly  free  from  acid,  and  soft  enough  to  work  into  the  strands 
right  through  to  the  hemp  core.     It  must  not  be  of  such  a  nature 
as  to  harden,  for  in  that  condition  it  allows  rust  to  form  between 
it  and  the  wiic^  so  that  a  rope  that  appears  to  be  well  greased  may 
be  corroded  to  a  sensible  depth.     A  mixture  of  Stockholm  or 
Archangel  tar,  a  vegetable  oil,  and  a  little  lime  boiled  together  is 
often  recommended.     In  Cornwall  the  tar  is  generally  mixed  with 
tallow.     These  mixtures,  however,  form  too  stiff  a  grease,  tend  to 
hide  defects,  and  render  the  thorough  examination  of  the  rope 
difficult.     A  mixture  containing  gas  tar  is  still  more  objectionable. 
Of  all  the  lubricants  for  wire  ropes  the  best  is  mineral  oil.     Some 
of  the  heavy  mineral  oils,  such,  for  instance,  as  the  Russian  (their 
specific  gravity  being  higher  than  the  American),  possess  sufficient 
viscosity  to  be  used  as  a  lubricant  for  wire  ropes,  and  will,  if  tried, 
owing  to  their  freedom  from  acid  and  power  of  resisting  decom- 
position, be  found  to  give  satisfactory  results.     At  the  Wearmouth 
Colliery  they  have  a  patented  apparatus,  consisting  of  a  pair  of 
wire  brushes  for  cleaning  the  ropes,  and  a  pair  of  strong  hair 
brushes  fed  with  lubricant  from  feeders  above,  for  oiling  them. 
Both  sets  of  brushes  revolve,  being  actuated  by  the  travelling  rope. 
It  is  claimed  that  this  arrangement  lubricates  very  thoroughly, 
and  effects  a  great  saving  of  oil  and  labor. 

When  a  rope  is  used  for  winding  men,  the  shackle  should  be  cut 
off  regularly  every  two  to  three  months,  the  rope  thoroughly  ex- 
amined, and  the  shackle  reset.  This  is  a  point  of  vital  importance 
for  wire  ropes.     In  order  to  arrive  at  economical  results  with  wire 
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ropes,  accurate  accounts  should  be  kept  of  their  working ;  by  this 
means  the  kind  most  suitable  may  be  ascertained,  and  a  consider- 
able saving  effected  by  using  an  article  best  adapted  for  the  pur- 
pose. However  well  a  rope  may  seem  to  be  lasting,  it  should 
always  be  suspected  as  soon  as  its  duration  approaches  the  average 
that  corresponds  with  the  conditions  under  which  it  is  working. 
It  should,  at  any  rate,  cease  to  be  used  where  human  life  depends 
on  it.  Owing  to  trade  competition  there  is  great  danger  of  infe- 
rior metal  being  used  in  the  manufacture  of  ropes,  so  that  when  a 
new  one  is  required  only  the  best  makers  should  be  applied  to, 
and  they  should  be  furnished  with  full  information  as  to  the  condi- 
tions under  which  it  has  to  work.  There  can  be  no  greater  false 
economy  than  choosing  a  cheap  rope.  When  a  rope  is  for  the 
purpose  of  winding  men  it  would  be  advisable  to  have  a  sample 
piece  of  it  (say,  a  length  of  lo  or  12  feet)  tested  before  use, 
in  brder  to  see  that  the  quality  of  the  metal  and  the  breaking 
strain  are  as  represented. 


THE  CHARACTERISTIC  FEATURES  OF  THE  FRANK- 
FURT ELECTRICAL  EXHIBITION. 

Professor  W.  P.  Trowbridge, 

Engineer ing'  Department  ^  School  of  Mines ^  Columbia  College. 

Dear  Sir  — Please  accept  the  following  report  which  I  wrote  at  your  request.  1 
took  the  liberty  of  inserting  a  short  essay  on  **  The  Theory  of  Polyphasal  Currem 
Systems."  In  view  of  the  fact  that  the  subject  of  polyphasal  generators  is  very  new, 
and  that,  therefore,  there  is  but  very  little  in  the  electrical  literature  to  aid  us  in  the 
study  of  this  exceedingly  interesting  department  of  electrical  engineering,  I  thought 
that  the  insertion  of  the  above-mentioned  essay  would  prove  useful.  We  are  hoih 
under  great  obligations  to  Mr.  Freedman,  John  Tyndall  Fellow  of  our  college,  for 
the  pains  which  he  has  taken  in  preparing  the  diagrams  contained  in  this  report. 

Very  respectfully, 

M.  I.  PUPIN. 

The  work  of  the  historian  of  the  Science  of  Electrotechnics  is  to 
a  great  extent  already  done  in  the  official  reports  of  the  various 
electrical  exhibitions.  Each  one  of  these  reports  contains  a  care- 
fully prepared   account   of  all    the  advances   in   electrotechnics 
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accomplished  since  the  preceding  exhibition.  The  future  histor- 
ian of  electrotechnics  will  not  fail  to  observe  in  his  study  of 
these  reports  that  each  electrical  exhibition  had  its  characteristic 
features,  which  were  but  the  reflections  of  the  characteristic  fea- 
tures of  the  science  of  electrotechnics  at  that  time.  A  mere  glance 
at  the  electrical  exhibitions  of  the  last  forty  years  will  convince  us 
of  the  truth  of  this  statement. 

The  London  Exhibition  of  1851  shows  the  exhibits  relating  to 
telegraphy  as  the  only  remarkable  practical  electrical  exhibits. 
The  London  Exhibition  of  1862  showed  but  a  slight  advance  in 
this  line.     The  Paris  Exposition  of  1 867  boasts  of  the  first  public 
exhibition  of  a  dynamo-electric  machine.     (The  dynamo-electric 
principle  was  first  clearly  announced  by  Dr.  W.  Siemens,  of  Ber- 
lin, on  January  17,  1867.)     The  Vienna  Exposition  of  1873  was 
the  first  at  which  large  dynamos  were  shown  in  actual  operation 
of  producing  light  and  performing  other  kinds  of  useful  work. 
These  were  the  machines  of  Siemens,  of  Berlin,  and  of  Gramme, 
the  well  known  Belgian  engineer.     The  electrical  exhibits  of  the 
Centennial  Exposition  in  1876  are  to  a  considerable  extent  but  a 
repetition  of  those  of  Vienna.     There  was,  however,  one  exhibit 
whose  importance  was  not  fully  recognized  at  that  time ;  it  was 
Alexander  Bell's  telephone.     The  Paris  Exposition  of  1878  first 
demonstrated  the  superior  power  of  the  new  science,  the  science 
of  electrotechnics.     There  was  a  complete  electric  lighting  plant ; 
the  lamps  employed  were  the  so-called  Jablochkoff  candles.     The 
telephone,  exhibited  here,  was  no  longer  a  mere  squeaking  electrical 
curiosity,  but  a  perfectly  operating  physical  apparatus,  whose  prac- 
tical importance  was  evident  to  everybody.     The  Paris  Electrical 
Exposition  of  1881  was  a  magnificent  afiair.     There  were  over  a 
thousand  exhibitors,  and  among  them  some  of  the  greatest  inven- 
tors of  the  century,  as,  for  instance,  Edison,  Bell,  Siemens,  Sir 
W.  Thomson,  Gramme,  Brush,  etc.     The  practical  applications 
of  electricity  were  shown  on  a  huge  scale,  especially  those  relating 
to  electric  lighting  and  electric  deposition  of  metals.     Edison's 
system  of  incandescent  lighting,  and  Bell's  system  of  telephony 
were  the  characteristic  features  of  the  exhibition.    Other  electrical 
exhibitions  followed  in  rapid  succession ;  suffice  it  to  mention  only 
the  Electrical    Expositions  of  London   (1881),   Munich   (1882), 
Vienna  (1883),  Turin  (1884),  London  Inventories  (1885),  Philadel- 
phia (1888),  Beriin  (1889),  Paris  Exposition  (1889),  Edinburgh 
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(1890).  Every  one  of  these  had  its  characteristic  features  in  the 
form  of  some  important  advances,  whose  practical  value  was 
tested  there  publicly  for  the  first  time.  Among  these  important 
advances  suffice  it  to  mention  the  storage  of  electrical  energy y  elec- 
tric railways y  electric  propulsion  of  steamboats^  electric  transmission 
of  po7ver,  transformation,  on  a  large  scale,  of  electrical  energy  from 
high  tension  to  low  tension,  and  vice  versa,  utilisation  of  alternating 
currents  for  lighting,  etc. 

The  interesting  and  very  important  question  arises  now:  What 
are  the  characteristic  features  of  the  Frankfurt  Electrical  Exhibi- 
tion ?  In  other  words,  what  new  information  will  the  future  his- 
torian of  electrotechnics  gain  from  the  official  records  of  the 
Frankfurt  Electrical  Exhibition  ? 

The  answer  to  this  question  seems  plain  to  every  intelligent  ob- 
server who  has  had  the  rare  good  fortune  of  visiting  the  exhibition 
and  feasting,  intellectually,  upon  the  goodly  products  exhibited 
there  by  the  science  of  electrotechnics.  The  various  exhibits  were 
arranged  in  such  a  way  that  one  could  obtain  almost  at  a  glance  a 
complete  survey  of  all  the  applications  of  electricity  in  any  one  of  the 
various  departments  of  applied  sciences  and  arts,  as  architecture, 
civil  engineering,  mechanical  engineering,  chemistry  and  metal- 
lurgy, sanitary  engineering,  mining  engineering,  dentistr>%  surgery 
and  therapeutics,  naval  and  military  science.  Looking  upon  these 
exhibits,  one  could  not  help  seeing  in  his  imagination  the  vigorous 
young  science  of  electrotechnics,  like  an  ardent  and  ambitious  youth, 
strong  in  arm  and  quick  in  limb,  with  broad  shoulders  and  manly 
chest,  with  healthy  cheek  and  luminous  eye,  with  sleeves  rolled 
up  and  the  loins  girded  for  arduous  work,  a  ready,  willing,  and 
indispensable  assistant  of  all  the  older  sciences ;  and  more  than  a 
mere  assistant,  a  genial  companion  whose  very  presence  encour- 
ages them  to  new  efforts  and  to  new  spheres  of  action.  One  can 
therefore  safely  assume  that  tlu  success  of  the  Frankfurt  Exhibition 
in  representing  electrotechnics  as  a  very  important  factor  in  all  tech- 
nical sciences,  will  be  considered  by  the  future  historian  of  electro- 
technics as  one  of  the  characteristic  features  of  the  exhibition.  This 
success  was  in  a  great  measure  due  to  the  men,  also,  who  displayed 
a  particular  interest  for  the  exhibition,  for  they  were  by  no  means 
limited  to  the  electrical  profession.  Every  engineering  and  scien- 
tific profession  was  well  represented  there ;  to  prove  this,  one  has 
only  to  refer  to  the  list  of  officers  and  members  of  the  exhibition, 
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and  also  to  the  men  whom  one  had  the  pleasure  of  meeting  at  the 
Electrical  Congress.  In  discussing  at  this  congress  the  question 
of  what  the  training  of  an  electrical  engineer  should  be,  W.  von 
Siemens,  of  Berlin,  spoke  as  if  he  had  been  inspired  by  this  char- 
acteristic feature  of  the  exhibition,  for  his  opinion  was  that  ei>ery 
scientific  profession  needed  a  thorough  training  in  electrotechnics,  and 
especially  in  those  parts  which  have  a  direct  bearing  upon  each  par- 
ticular profession^  whereas  additional  efforts  in  higher  scientific  pur- 
suits and  a  life-long  practical  experience  may  finally  succeed  in 
producing  wliat  is  usually  called  an  electrical  expert.  Whose  opin- 
ion on  this  point  is  more  valuable  than  that  of  W.  von  Siemens,  of 
Berlin  ? 

The  second  characteristic  feature  of  the  Frankfurt  Exhibition 
was  the  size  of  the  electrical  generators  and  their  coupling  to  the 
steam-engine.  Rope  and  belt  transmission  looked  very  much  out 
of  place,  so  numerous  were  the  generators  with  direct  coupling  to 
the  steam  engine.  This  is  especially  true  of  the  larger  type  of 
generator,  as,  for  instance,  the  600-horse  power  alternating  current 
generators  of  Siemens,  and  the  generators  of  the  electric  company 
*'  Helios,"  of  Frankfurt,  etc.  It  seems  proper  to  mention  here  that 
the  writer  saw  at  the  great  Deptford  electric  light  station,  near 
London,  the  completed  parts  of  what  he  was  told  to  be  a  future 
10,000-horse  power  ( I )  alternating  current  generator  of  the  Fer- 
ranti  type,  which  is  also  to  have  a  direct  coupling.  Considering 
that  only  nine  years  ago  the  largest  dynamo  at  the  Munich  Elec- 
trical Exposition  was  an  Edison  dynamo  of  about  2 5 -horse  power, 
one  cannot  help  marvelling  at  the  wonderful  success  of  the  science 
of  electrotechnics. 

It  seems  needless  to  observe  that  this  direct  coupling  of  the 
generator  to  the  .steam-engine  has  called  into  existence  new  and 
very  superior  types  of  steam-engines. 

The  third  and  most  important  characteristic  feature  of  the  Frank- 
furt Electrical  Exposition  was  the  Lauffen-Frankfurt  Transmission 
of  about  300-horse  power  of  electrical  energy  over  a  distance  of 
175  kilometers  (about  115  miles)  through  what  one  may  call  ordi- 
nary telegraph  wires.  This  part  of  the  exhibition  was  a  huge  ex- 
periment to  demonstrate  before  the  anxious  eye  of  the  scientific 
world  that  the  alternating  or  wave  form  of  the  electrical  currents 
can  accomplish  easily  what  engineers  sought  in  vain  to  accomplish 
by  the  direct  electrical  current.     In  view  of  the  eminent  economic 
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and  scientific  importance  which  is  attached  to  this  latest  advance 


in  the  science  of  electrotechnics  it  seems  proper  to  give  a  more 
detailed  account  of  this  feature  of  the  Frankfurt  exhibition. 
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Theory  of  the  Three-Phase  System  of  Alternating 

Currents. 

A  brief  explanation  of  the  invention  to  which  the  above-men- 
tioned success  is  due  will  not  be  put  of  place  here. 

Fig.  I  represents  a  ring  which  rotates  uniformly  in  the  field 
of  force  of  the  magnet  NS,  a,  b,  c,  are  three  equal  turns  of  wire 
wound  around  the  ring  at  angular  distances  of  1 20°  apart.  For 
the  sake  of  simplicity  assume  the  magnetic  field  to  be  uniform  and 
the  ring  made  of  a  non-magnetic  material,  say  wood.  Call  the 
plane  through  PP'  perpendicular  to  the  field  the  plane  of  sym- 
metry. 

Consider  the  loop  "a"  when  it  is  at  the  angular  distance  6  from 
the  plane  of  symmetry. 

Let  M  =  intensity  of  the  field. 
A  =  area  of  the  loop. 

A^  =  number  of  lines  of  force  passing  through  the  loop. 
w  =  angular  velocity  of  rotation. 

It  is  evident  that  at  the  angular  distance  d 

N=  MA  cos  6, 

Electromotive  force  generated  in  the  loop  "a'*  at  the  moment  t, 
where  ^  =  wt 

—  =e.  =  —  {MA  cos  6)  =  K  sin  6 

where  K  is  a  constant. 

The  electromotive  forces  in  "  b  "  and  "  c  *'  at  the  same  moment 
t  will  be,  respectively, 

e^=^Ksin(d  +  120) 
^3  =  K  sin  {6  +  240). 

Since  sin  ^  +  sin  (S  -f  120)  +  sin  (^  +  240)  =  o  it  follows  that 

^1  +  ^«  +  ^s  =  ^• 

Now  two  loops  are  always  on  the  same  side  of  the  plane  of  sym- 
metry, hence  the  electromotive  forces  generated  in  them  will  have 
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the  same  sign ;  their  sum  with  opposite  sign  will  be  equal  to  the 
electromotive  force  in  the  3d  loop.  In  Fig.  i  ei  and  e,  have  the 
same  sign  at  the  moment  t  whereas  e,  has  the  opposite  sign  and 
is  numerically  equal  to  Ci  +  e,. 

Add  now  to  "  a  "  n  more  turns  all  connected  in  series  so  as  to 
form  an  open  coil.  Let  a  be  the  angle  between  two  consecutive 
turns.  Let  ej,  e,  .  .  .  .  en  be  the  electromotive  forces  generated 
in  the  turns  i,  2,  3,  ....  n. 

It  is  evident  that 

^i  =  AT  sin  6 

^2=  K  sin  {0  +  a) 


e^=^  K sin  {B  +  [»  —  i]  a. 

The  resultant  electromotive  force  in  this  coil  a  will  be  Ej,  where 
tj  — -—  e^  -j-  e2  ~f"   .  .  •  .  -|~  e^. 

It  follows,  therefore,  from  a  well  known  formula  in  trigonometry 
that 

Ksin  je  +  'Lziial  j|«^ 
E^  = \ i =  E,  sin  {S  +  ^) 


stn\ 


where  E^  and  ^  are  constants. 

The  electromotive  force  generated  in  the  coil  a  is,  therefore,  a 
simple  sine  function,  or  to  use  a  more  technical  expression,  it  is  a 
simple  harmonic. 

Add  now  the  same  number  of  equal  and  similarly  placed  turns 
to  "  b  "  and  "  a  "  and  we  shall  have  three  equal  and  similarly  placed 
open  coils. 

Let  E2  denote  the  electromotive  force  in  coil  2  and  E,  that  in 
coil  3.     It  is  easily  seen  that 

£j  =  £^Jz«(«+^+  120^) 
E^  =  E^sin{e^»-\-  240°). 

Therefore  at  every  moment 

E^-Y  E^-\r  E^  =  o. 

The  three  electromotive  forces  differ  from  each  other  in  phase  by 
120^. 
Take  now  three  equal  lengths  of  the  same  wire  and  close  each 
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coil,  by  one  of  these  wires.     Currents  Q,  Cj  and  Q  will  now  circu- 
late in  each  coil.     The  following  well-known  relations  will  hold : 

C^  =  ^sin{B^»-<P) 

c;=  ."  jf«(»  +  i9+ 120— ^) 

C^=  -j  sin  {e  +  fi  +  240  —  s^). 

Where  I  is  the  impedance  and  f  the  angle  of  lag  in  each  circuit. 

The  relation 

Ci+  Cz+  Ci  =  o 

holds,  therefore,  for  the  currents  as  well  as  for  the  impressed  elec- 
tromotive forces  El,  E,,  E,. 

It  is  evident  that  any  ordinary  continuous-current  dynamo  wkicA 
has  a  uniform  effective  field  can  be  transformed  into  a  three-phase 
dynamo  by  dividing  the  armature  turns  into  3  equal  parts  and 
treating  each  part  as  a  separate  circuit. 

We  shall  show  now  that  the  3  separate  circuits  can  be  so  con- 
nected as  to  save  quite  a  considerable  amount  of  the  connecting 
wire. 

Consider  Fig.  2.  The  three  coils  and  the  three  circuits  are 
given.  Since  Cj  +  Cj  +  C,  =  o  it  is  evident  that  the  three  wires 
joined  into  one  from  o  to  B  would  have  no  current  at  all  in  the 
junction  OB  which  is  common  to  all  the  3  circuits.  We  can  there- 
fore cut  it  away  without  changing  anything  at  all  in  the  distribu- 
tion of  the  currents.  One  coil  in  this  method  of  connecting  serves 
always  as  a  return  wire  for  the  other  two  coils. 

Let  us  go  a  step  farther  as  indicated  by  diagram  Fig.  3.  In  this 
figure  let  the  wooden  ring  A  carry  the  3  generating  coils  whereas 
ring  Bis  made  of  laminated  soft  iron  and  carries  three  equal  coils 
distributed  over  the  ring  at  angular  distances  of  120°. 

It  is  evident  that  the  introduction  of  the  three  coils  B  into  the 
three-wire  system  of  the  generating  machine  A  will  change  the 
amplitude  and  the  phase  of  the  three  currents,  but  these  two 
changes  will  be  the  same  for  each  current,  so  that  if  the  values  of 
the  three  currents  be  denoted  now  by  C/,  Cj',  C3'  we  shall  have 
again 

q  +  Q  +  Q  =  o. 
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Let  the  number  of  turns  in  each  coil  of  the  ring  B,  Fig.  3,  be  m, 
then 
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That  is  the  number  of  ampere  turns  of  one  coil  is  always  equal  to 
sum  of  the  ampere  turns  of  the  remaining  two  coils  with  the  re- 
versed sign.  Therefore  the  iron  ring  will  at  any  specified  moment 
be  magnetized  as  if  it  carried  at  the  extremities  of  a  diameter  two 
equal  coils  joined  in  multiple  arc  through  which  equal  currents 
circulate.  The  magnetization  is  indicated  in  the  diagram  by  the 
dotted  lines.  N  and  S  mark  the  position  of  the  poles  at  any  mo- 
ment. 

A  simple  consideration  will  show  us  that  the  poles  N  and  S  in 
the  ring  B  will  rotate  synchronously  with  the  generating  arma- 
ture A. 

Let  us  go  back  to  Fig.  3.  Since  the  ampere  turns  on  one 
side  of  the  plane  of  symmetry  PP'  are  always  equal  to  the  am- 
pere turns  on  the  other  side  of  this  plane,  it  follows  that  the  mag^ 
netization  due  to  the  armature  current  will  remain  fixed  in  space, 
just  as  in  the  case  of  the  ordinary  continuous-current  dynamo. 
That  is,  the  magnetic  field  due  to  the  armature  current  rotates 
relatively  to  the  armature,  with  the  same  angular  velocity  with 
which  the  armature  rotates  around  its  axis.  But,  since  the  distri- 
bution of  the  ampere  turns  around  the  rotating  armature  ring  A 
is  the  same  as  around  the  stationary  ring  B,  it  follows  that  the 
magnetic  field  of  B  rotates  in  space  synchronously  with  the  gen- 
erating armature  A.  If  we  now  add  to  the  ring  B  three  equal  coils, 
Si,  S„  S3,  at  angular  distances  of  120°,  and  connect  them  as  indi- 
cated in  Fig.  4,  then  the  system  Si,  Sj,  S,,  will  also  be  a  three- 
pha.se  system,  the  difference  in  the  three  phases  being  again  120°. 
According  as  the  number  of  turns  inSj,  Sj,  S3,  is  greater  or  smaller 
than  the  number  of  turns  in  the  primary  coils,  the  ring  B  will  be 
an  up  or  a  down  three-phase  system  transformer.  Suppose  that 
it  is  an  up-transformer,  then,  by  adding  another  down-transformer 
C,  as  indicated  in  Fig.  5,  we  can  transform  the  current  down,  and 
finally  send  it  at  low  tension  into  a  coil  D,  which  is  the  armature  • 
of  a  machine  resembling  the  generator  A  in  every  respect,  except 
that  instead  of  the  pole-pieces,  N  S,  indicated  in  the  diagram,  there 
is  a  laminated  soft  iron  ring  covered  uniformly  all  over  with  a  great 
many  turns  of  copper  wire.  The  rotating  field  induces  strong 
currents  in  these  turns,  and  these  currents  will,  according  to 
Lenz's  law,  oppose  the  motion  of  the  rotating  field.  Conse- 
quently, there  is  a  pull  between  the  armature  and  the  ring,  and 
whichever  is  free  to  move  will   move,  and  perform  mechanical 


46 


THE  QUARTERLY. 


work  at  the  expense  of  the  currents  induced  in  the  copper  wire 
surrounding  the  ring. 


Suppose  now,  that  in  Fig.  5  A  represents  the  three-phase  gen 
erator,  and  B  the  up-transformer  in  Lauffen.    C  is,  then,  the  down 
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transformer,  and  D  the  three-phase  motor  in  Frankfurt.  There  is 
no  attempt  made  to  indicate  in  these  diagrams  the  actual  types  of 
the  apparatus  used  in  that  famous  transmission.  They  simply 
appear  as  the  simplest  diagrams  by  means  of  which  the  principles 
involved  in  the  Laufien-Frankfurt  transmission  can  be  explained 
in  an  elementary  fashion. 

There  is  another  point  in  the  theory  of  this  transmission  whose 
importance  forbids  omitting  it  from  this  discussion.  It  is,  namely, 
the  strength  of  the  rotating  field  of  B,  in  Fig.  3,  at  any  moment. 

A  simple  consideration  will  show  that  the  strength  of  this  field 
fluctuates  periodically.  Let  us  fix  our  attention  upon  the  diagram 
of  Fig.  I,  and  examine  the  electro-motive  forces  generated  at  dif- 
ferent moments : 

1st  Position. — Turn  "a"  is  in  the  plane  of  symmetry  PP'. 

E,  =  0. 

E,  =  Eo  cos.  30  =  JEov/3  =  .866  Eo- 

E,  =  —  E^cos.  3Q  =  — iE„i/3  =  —  .866  E^. 

2d  Position. — ^Turn  "  a  '*  is  at  an  angular  distance  of  30°  from 
the  plane  of  symmetry.  In  passing  from  position  i  to  this  posi- 
tion, it  is  plain  that  E3  increased  continuously ;  hence,  E,  +  E,  in- 
creased continuously.  In  the  position  2,  E,  becomes  a  maximum, 
and  so  does  E^i  -f-  Ej : 

El  =  E^  COS.  60  =  JE^. 
E,  =  E^  COS.  60  =  JEj,. 

3d  Position. — ^Turn  "  a  **  is  at  angular  distance  of  60°  from  the 
plane  PP'.     This  position  is  analogous  to  position  i  : 

E,  =  Eo  COS.  30  =  .866  Ej. 

E,  =  o. 

E3  =  —  Eq  COS.  30  =  —  .866  Eq. 

That  is,  in  this  position  we  hav6  a  minimum  again.  This  is 
sufficient  to  show  that  the  maxima  and  minima  appear  periodically 
at  intervals  of  30°,  as  indicated  in  Fig.  6.  There  will  be  six 
maxima  and  3ix  minima  during  each  revolution. 
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Let  us  consider,  now,  another  extreme  case  ;  that  is,  the  case  in 
which  we  have  three  coils  instead  of  the  three  turns,  each  coil 
one-third  of  the  circumference  of  the  ring.  Examining  now  the 
electro-motor  forces,  E,,  Ej.  E3,  in  the  three  coils  in  the  three  pre- 
ceding positions,  we  find  again  the  same  number  of  maxima  and 
minima,  and  the  ratio  of  the  minima  to  the  maxima  is,  as  before,  .866. 

The  same  process  of  consideration  can  now  be  repeated  for  the 
coils  as  given  in  Fig.  2,  and  it  will  be  found  that  for  these  coils, 
also,  the  same  relation  holds  true.     But  the  currents  follow  the 
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same  law  as  the  impressed  electro-motive  forces.  Hence,  the 
magneto-motive  force  in  coil  B,  Fig.  2,  and  with  the  magneto- 
motive force  the  strength  of  the  rotating  magnetic  field,  fluctuate 
according  to  the  same  law  as  the  impressed  electro-motive  forces. 
There  are  six  equal  maxima,  and  six  equal  minima,  in  the  rotating 
field,  during  each  complete  revolution,  the  ratio  of  the  minima 
to  the  maxima  being  .866,  that  is,  the  maximum  variation  of  the 
rotating  field  being  nearly  14  per  cent.  The  disadvantages  arising 
from  these  fluctuations  are  evident  to  every  electrical  engineer,  and 
need  no  further  discussion  here. 
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The  Allgemeine  Electricitaets  Gesellschaft,  of  Berlin,  which 
holds  the  patents  on  all  the  improvements  in  the  three-phase  system 
made  by  Dolivo  v.  Dobrowolsky,  claim  to  be  in  possession  of  a 
three- wire  system  distribution  which  .reduces  these  variations  to  a 
minimum.  If  so.  then  they  certainly  have  made  a  great  step  in 
advance  of  all  the  other  polyphasal  systems  of  current  generation. 

The  problem  of  constructing  a  three-phase  dynamo  which  will 
produce  a  rotary  magnetic  field  of  constant  intensity  has  not  been 
investigated  yet,  as  far  as  my  own  knowledge  goes.  I  find  that 
there  are,  theoretically  speaking,  an  infinite  number  of  solutions, 
but  that  among  them  there  is  only  one  which  is  of  practical  value. 
Dobrowolsky's  generator  seems  to  satisfy  many  of  the  conditions 
required  by  this  solution.  It  is  well,  therefore,  to  consider  this 
problem  for  a  moment  as  a  preparatory  step  toward  the  discussion 
of  the  details  of  the  Lauffen-Frankfurt  generator. 

Let  the  equation  of  the  curve  in  Fig.  7  be 

Suppose  that/(-t)  fulfills  the  following  conditions: 
1st.  It  is  a  periodic  function  of  constant  period  2ic. 


2d. 


/W+  /  (^+ y)  +  /(■^  +  H  =  '' 


const,  numeri- 


3d.  {    /  (^)  +    ^  (:.  +  ^,)  +  /  (^  +  h)  }  =  '°"' c^y" 

In  a  paper  communicated  to  the  New  York  Mathematical  Soci- 
ety I  showed  that/(;r)  can  be  represented  by  the  following  infinite 
series : 

f  {x)  =  a^  sin  x  -\-  a^  sin  2  x  -\- +  ^n  ^^^^  nx  -\-  ,  ,  .  ad  infiju 

in  which  aj  aj  .  .  .  .  a^,  etc.,  are  arbitrary  constants.  That  is, 
f[x)  represents  a  peculiar  family  of  complex  harmonics.  The  first 
peculiarity  is,  that  none  of  the  multiples  like  n  are  divisible  by  3. 
The  second  peculiarity  is  exhibited  in  Fig.  8. 

During  the  first  and  fifth-third  of  every  period  all  the  curves  of 
this  class  have  a  constant  ordinate.     Every  other  part  of  the  curve 
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is  perfectly  symmetrical,  both  with  respect  to  the  axis  of  x,  and  in 
addition  to  that,  the  upper  halves  of  these  parts  are  symmetrical 
with  respect  to  the  bisector  A  B  of  the  maxima  of  the  plus  ordi- 
nates,  the  lower  halves  are  symmetrical  to  the  corresponding  lower 
bisector  A'  B'. 

Among  this  infinitely  numerous  family  of  complex  harmonics 
there  is  one  harmonic  which  has  a  superior  value  in  electrical  en- 
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gineering.     It  is  the  curve  A  B  C  D  E  F  represented  in  Fig.  9.     It 
is  a  broken  straight  line  consisting  of  five  parts. 
The  equation  of  this  curve  is 


^=A-|  i^' 


.adinfin.  \ 
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To  translate  these  results  from  the  language  of  pure  mathematics 
to  the  language  of  electrotechnics,  consider  the  magnetic  field  be- 
tween the  poles  N  S  of  a  drum  armature  dynamo.     To  save  tedi- 
ous repetitions  of  long  sentences,  let  us  introduce  a  short  definition. 
The  component  of  magnetic  intensity  at   any  point  of  the  surface 
of  the  drum  armattire  ivhich  is  perpendicular  to   the  surface   at 
that  point  we  define  as  the  effective  intensity.     Let  the  effective 
intensity  vary  in  the  following  manner:   For  an  angular  inter- 
val of  60°  on  each  side  of  the  plane  of  symmetry  PP',  let  it  be 
proportional  to  the  angular  distance  from  PP';  through  the  next 
angular  interval  of  60^  on  both  sides  of  PP'  let  it  be  constant,  and 
finally,  through  the  last  intervals  of  60°  on  both  sides  of  PP'  let  it 
be  proportional  to  the  angular  distance  from  the  lower  part  of  PP'. 
Let,  now,  three  turns  of  wire,  ab,  ed.  ef,  at  angular  distances  of 
120°  from  each  other,  be  stretched  over  the  drum  in  the  ordinary 
manner.     It  is  evident,  then,  that  the  electromotive  forces  gener- 
ated in  ab,  cd  and  ef  by  a  uniform  rotation  of  the  drum  will  be 
represented  by  the  complex  harmonic  curves  ABC  .  .  ,  A'  B'C 
.  .  ,  A"  B"  C"  .  .  .  in   Fig.  9.     It   follows,  therefore,  that  this 
generator   could    produce   a  rotary   magnetic  field    of    constant 
strength. 

In  Fig.  10  we  have  the  diagram  of  a  stationary  ring  armatur^e 
three-phase  generator  which,  with  a  carefully  shaped  magnetic 
circuit,  would  produce  a  very  nearly  constant  rotary  magnetic 
field.  There  are  six  equal  coils ;  each  coil,  therefore,  occupies 
one-sixth  of  the  circumference  of  the  ring.  The  six  coils  are  di- 
vided into  three  pairs  by  connecting  each  coil  to  the  diametrically 
opposed  one  in  series,  as  indicated  in  the  figure.  The  ends  of  the 
three  pairs  are  connected  in  the  ordinary  way  of  connecting  three- 
phase  dynamos.  The  rotating  field-magnet  is  a  solid  cylinder 
minus  the  excavations  9n  each  side  and  the  shavings  scraped  off 
from  the  cylindrical  surface  of  the  pole- faces.  The  cylindrical 
pole-faces  subtend,  each  an  angle  of  120°  at  the  centre.  Calcula- 
tion and  experiment  can  certainly  succeed  in  giving  to  the  electro- 
magnet and  the  air-gap  such  a  shape  as  to  produce  not  only  con- 
stant effective  magnetic  intensity  throughout  the  whole  region 
which  at  any  moment  is  included  between  the  armature  and  the 
cylindrical  surface  of  the  rotating  field  magnet,  but  also  to  pre- 
vent almost  entirely  any  leakage  of  the  lines  of  force  outside  of  that 
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region  *  in  which  case  the  electromotive  forces  developed  in  the 
three  pairs  of  coils  would  be  represented  very  nearly  by  the  three 
harmonics  given  in  Fig.  9,  that  is  to  say,  a  generator  of  this  kind 
would  produce  a  rotary  field  of  constant  intensity.  (The  diagram 
in  Fig.  10  should  be  considered  simply  as  a  diagram  and  not  as  a 
carefully  prepared  design). 

We  can'  pass  now  to  the  consideration  of  the  LaufTen  generator. 
The  characteristic  features  in  its  construction  seem  to  be  the  fol- 
lowing : 

1.  Curiously  shaped  magnetic  circuits,  something  like  figure  eight 
(8)  drawn  on  a  skew  surface.  It  is  possible  to  trace  them  in  imagi- 
nation, but  almost  impossible  to  draw  them  on  paper. 

The  field  magnet  is  constructed  in  such  a  way  that  one  and  the 
same  coil  supplies  the  magnetizing  force  for  32  separate  magnetic 
circuits.  The  coil  is  placed  on  a  cast-iron  disc  (cc^  Fig.  12). 
Two  rings,  with  16  pole-pieces  each  [aa,  bb.  Fig.  12)  made  of  soft 
annealed  steel  are  then  attached  to  the  cast-iron  disc,  and  the  pole- 
pieces  of  the  two  rings  follow  each  other  alternately  along  the  cir- 
cumference. 

The  air-space  between  two  consecutive  pole-pieces  seems  to  be 
exactly  equal  to  half  the  breadth  of  a  pole-piece.  The  air-space 
between  the  field  and  armature  is  exceedingly  small  for  the  size  of 
the  machine.  North  and  south  poles  follow  each  other  alternately. 
The  armature  is  laminated,  and  the  armature  windings  consist  of 
96  thick  copper  bars  sunk  into  the  iron  of  the  armature.  These 
96  bars  are  divided  into  three  sets.  All  the  bars  (those  belonging 
to  the  same  set  are  similarly  marked  in  the  diagram  Fig.  13)  of 
the  same  set  are  connected  in  series,  following,  of  course,  the  well- 
known  rule  which  is  observed  in  connecting  the  armature  coils  of 
an  alternating-current  machine. 

It  is  evident  that  these  three  sets  differ  from  each  other  in  phase 
by  120°. 

2.  The  variation  of  the  effective  intensity  along  the  circumfer- 
ence of  the  armature  surface  seems  to  follow  very  nearly  the  fol- 
lowing law :  Pass  a  plane  through  the  axis  of  the  shaft  and  the 
median  line  of  a  pole-piece.     Let  this  plane  rotate  gradually  until 


*  Mr.  Freed  man,  John  Tyndall  Fellow  of  Columbia  College,  is  preparing  a  paper 
on  a  series  of  experiments  which  he  carried  on  during  last  spring  while  still  a  student 
in  the  electrical  department.  These  experiments  prove  conclusively  the  correctness 
of  the  preceding  statement. 
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it  passes  through  the  line  midway  between  the  long  edge  and  the 
median  line  of  the  pole-piece.  Throughout  this  interval  the  effec- 
tive intensity  is  constant.  From  this  point  on,  the  effective  inten- 
sity diminishes  proportionally  to  the  angle  passed  through  until 
the  rotary  plane  reaches  the  median  line  of  the  air  space  where  the 


Fig.  12. 


Fig.  13. 
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effective  intensity  is  zero.  From  this  point  on,  the  effective  inten- 
sity increases  proportionally  to  the  angle  passed  through  until  the 
line  midway  between  the  long  edge  and  the  median  line  of  the  next 
pole-piece  is  reached.     From  this  line  on,  the  effective  intensity  is 
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constant  again,  etc.  But  if  this  law  be  true,  then  the  electromotive 
forces  generated  in  the  three  sets  of  rods  are  represented  by  the 

curves  ABC  .....    A' B' C  .  .  .  .    A"  B"  C" Fig.  9, 

and  therefore  the  rotary  magnetic  field,  which  is  produced  by  this 
generator,  will  be  constant.  The  field- magnet  rotates  150  times 
around  per  minute;  hence,  there  are  40  complete  waves  or  80 
reversals  per  second.  The  armature  of  the  motor  is  stationary 
and  of  the  same  construction  as  that  of  the  generator  ;  but  instead 
of  the  field-magnet  there  is  in  the  motor  a  laminated  iron  cj'linder 
with    copper  bars   parallel   to   tho.se    of   the    armature   passing 


nohrowoKliy  Molor. 

through  the  iron  near  the  surface  of  the  cyhnder.  All  these  bars 
are  connected  in  multiple  arc  by  means  of  copper  rings.  The  ro- 
tary magnetic  field  induces  very  powerful  currents  in  the.se  bars, 
and  thus  produces  a  steady  pull  upon  the  laminated  cylinder.  It 
is  evident,  therefore,  that  this  motor  will  run  asynchronously  and 
start  with  any  load  within  its  capacity.  The  rotary  magnetic  field 
being  of  uniform  intensity,  all  heating  and  wearing  and  tearing 
eflects  due  to  magnetic  fluctuations  are  completely  avoided,  and  the 
motor  runs  as  smoothly  and  as  noi.selessly  as  anybody  could  wish- 
A  full  description  of  the  machinery  employed  in  this  transmis- 
sion would  lead  me  far  beyond  the  limils  of  this  report.     On  this 
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point  it  seems  sufficient  to  refer  to  articles  which  have  appeared 
during  the  last  six  months  in  the  New  Yprk  Electrical  Engineer 
and  the  London  Electrician. 


DnIirownKliy.nrown  Dynamo. 

The  author  has  had  the  pleasure  of  a  personal  inspection  of  the 
whole  plant,  and  he  is  very  happj*,  indeed,  in  confessing  that  to  him 
every  detail  appeared  to  have  been  designed  by  the  engineers. 


56  THE  QUARTERLY. 

Dobrowolsky  and  Brown,  and  carried  out  by  the  Allgemeine  Elec- 
tricitaets  Gesellschaft  of  Berlin,  and  the  Oerlicon  Company,  with  an 
exceedingly  high  degree  of  perfection.  The  automatic  speed- 
regulation  of  the  turbine-wheel  which  drives  the  generator  in 
LaufTen  ;  the  generator  itself,  which,  through  each  one  of  its  three 
conductor  systems,  sends  an  electrical  power  of  50  volts  and  1400 
amperes;  the  transformers  at  Lauffen,  which  take  up  this  power 
and  transform  it  into  electrical  power  of  about  20,000  volts,  and 
only  a  few  amperes;  the  slender  bare  wire  conductors,  which, 
running  along  thousands  of  well-insulated  poles,  carry  this  power 
over  a  distance  of  about  115  miles  to  Frankfurt ;  the  transformers 
in  Frankfurt,  which  take  up  this  high-tension  energy  and  transform 
it  down  to  only  a  hundred  volts  and  many  hundreds  of  amperes; 
the  loo-horse-power  motor,  and  the  group  of  a  thousand  incan- 
descent lamps,  between  which  this  lOO-volt  electrical  energy  is 
equally  divided ;  the  various  devices  of  controlling,  regulating,  and 
distributing  the  electrical  power  at  every  point  of  the  system — 
all  these  things  remind  the  careful  observer  and  admirer  of  the 
full-armed  Minerva  springing  out  of  the  mighty  head  of  the 
Olympian  Jove. 

That  eminent  English  electrician,  Professor  Sylvanus  Thompson, 
of  London,  remarked,  in  an  address  before  the  Electrical  Congress 
in  Frankfurt,  that  the  Lauffen-Frankfurt  transmission  marks  an 
epoch  in  this  passing  century  which  was  so  productive  of  great 
inventions. 


HARBOR  IMPROVEMENTS  ON  THE  PACIFIC    COAST. 

By  FRANCIS  X.  BROSNAN. 

The  length  of  the  Pacific  Coast  line  is  about  1400  miles,  900  of 
which  belong  to  California,  300  to  Oregon,  and  nearly  200  to 
Washington.  It  has  numerous  indentations,  but  many  of  these 
are  merely  coves,  there  being  only  a  few  naturally  formed  harbors 
and  protected  anchorages.  Still  a  majority  of  the  bays  and  road- 
steads are  susceptible  of  great  improvement,  and  this  may  be  done 
without  that  expenditure  which  the  magnitude  of  the  works  would 
seem  to  imply.  Sand  accumulations  of  ages  have  to  be  removed 
and  the  courses  of  channels  changed,  but  the  construction  of  a 
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simple  sea-wall  can  compel  the  ocean  to  undo  its  work  and  divert 
currents  in  such  a  way  that  permanence  of  depth  can  be  effectually 
secured  where  needed. 

Serious  difficulties  are  experienced  in  the  construction  of  break- 
waters on  the  northern  part  of  the  coast  The  force  of  the  waves 
is  enormous,  and  although  the  name  Pacific  would  seem  to  con- 
tradict this,  it  is  a  well  attested  fact  that  seldom  along  any  shore 
does  the  sea  attain  such  violence.  The  storms  off  southern  Cali- 
fornia are  not  so  severe  as  those  that  occur  on  its  northern  coast, 
or  on  that  of  Oregon  and  Washington.  The  latter  often  last  for 
weeks ;  the  former  are  generally  spent  in  a  few  days.  And  indeed 
not  only  in  stormy  weather,  but  at  all  times  is  the  sea  below  San 
Francisco  quieter  than  it  is  above.  The  figure  of  the  coast  line 
alone  would  indicate  this. 

It  will  be  seen,  then,  that  this  part  of  the  coast  is  broken  and 
that  its  trend  is  not  continuous.  It  would  be  otherwise  if  the  waves 
had  the  strength  that  they  possess  in  the  northern  Pacific.  They 
would  wear  away  indentations,  except  in  a  few  places,  and  tend  to 
make  the  line  of  the  coast  less  deviating.  The  reason  why  the 
waves  are  not  so  violent  here  is  that  the  winds  sweeping  down  the 
coast  do  not  keep  to  the  shore  as  this  retreats,  but  continue  on 
their  course.  South  of  the  Columbia  river,  where  the  sea  has  such 
force,  there  is  a  straight  coast  for  several  hundred  miles.  Hence 
it  is,  that  in  considering  the  question  of  a  harbor  of  refuge,  the 
Southern  Pacific  has  not  been  examined  at  all,  while  the  Northern 
Pacific  coast  has  been  made  the  subject  of  much  study  and 
inspection. 

From  San  Francisco  to  Point  Reyes,  the  coast  is  bold  and  high, 
then  its  altitude  decreases  somewhat  up  to  Point  Arena,  where  it 
becomes  greater,  and  reaches  2000-3000  feet.  After  the  stretch 
of  sand,  15  miles  long,  that  separates  Humboldt  Bay  from  the 
Pacific,  the  shore  again  becomes  elevated  and  continues  thus  up 
to  Point  Orford.  Sand  spits  and  rocks  occur  at  intervals  up  to 
Tillamook  Bay,  and  then  comes  a  beach  100  miles  in  length, 
broken  finally  by  the  mouth  of  the  Columbia  river.  It  is  sup- 
posed that  while  the  northern  extremity  of  the  bay,  marking  the 
entrance  of  the  Columbia  into  the  Pacific,  was  always  Cape  Disap- 
pointment, the  southern  limit  was  once  Tillamook  Bay.  Not  only 
does  the  sea  tend  to  straighten  the  coast,  but  also  the  summer 
northwest  winds  aid  it.     When  these  blow,  long  tracks  of  sand 
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can  be  seen  flying  towards  the  south,  sharp  corners  are  worn  away 
and  trees  are  often  found  completely  buried. 

It  is  fortunate  that  Washington,  Oregon  and  Northern  California 
have  not  a  lee  shore,  else  the  disasters,  numerous  as  they  are  now, 
would  be  very  much  multiplied. 

San  Diego  Harbor. 

San  Diego  is  one  of  the  most  important  towns  in  the  southern 
portion  of  California.  It  possesses  a  fine  harbor,  which  has  the 
advantage  of  being  shut  off  from  the  sea  by  a  narrow  peninsula, 
affording  an  excellent  anchorage  for  vessels.  Up  to  the  year  1876, 
however,  it  labored  under  a  serious  drawback,  the  result  of  an 
extraordinary  freshet  which  took  place  fifty-one  years  before.  At 
this  time  the  San  Diego  river,  which  is  about  forty-five  miles 
long,  flowed  through  a  very  sandy  region  and  finally  emptied  into 
a  low  lagoon  called  False  Bay.  The  year  1825  was  an  unusually 
rainy  one,  so  much  so  that  the  river,  abandoning  its  natural  bed, 
turned  southward  and  forced  its  way  into  the  Bay  of  San  Diego. 
Year  after  year  it  carried  down  to  its  mouth  a  large  quantity  of 
sand  and  threatened  to  transform  the  harbor  into  a  flat  sand  bank. 
This  state  of  affairs  continued  until  1876,  when  the  sum  of  ^80,000 
was  appropriated  for  the  purpose  of  improving  the  port. 

An  examination  was  made  and  it  was  ascertained  that  no  good 
could  be  done  until  the  outward  flow  of  sand  was  checked.  For 
the  first  six  months  of  the  year  there  was  generally  a  depth  of  two 
or  three  feet  of  water  in  the  vicinity  of  San  Diego.  Then  this 
soaked  through  the  sand,  so  that  water  could  not  be  reached 
except  by  digging  several  feet. 

The  ordinary  velocity  of  the  current  was  one  mile  an  hour,  but 
when  heavy  seas  prevailed  a  volume  of  water  seven  or  eight  feet 
deep,  and  having  a  velocity  of  five  miles  an  hour,  came  out  of  the 
river  mouth  like  a  torrent.  Great  quantities  of  sand  were  borne 
down  by  it  and  deposited,  until  they  reached  a  depth  of  48  ^4  feet. 
Before  any  improvement  at  all  could  be  made,  this  flow  of  sand 
had  to  be  checked,  and,  as  it  seemed  inseparable  from  the  stream 
itself,  it  was  evidently  necessary  to  turn  off  the  San  Diego  in  some 
other  direction.  The  wisest  plan  seemed  to  force  it  to  follow,  at 
least  approximately,  its  old  bed,  and  empty  once  more  into  False 
Bay.  The  latter  was  of  no  use  whatever,  and  consisted  oC  shallow 
water  and  sand  heaps.   After  some  discussion  the  following  idea  was 
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adopted  and  carried  out :  An  artificial  water-way  was  dug  from  a 

certain  point  on  the  river  to  a  slough  which  emptied  into  False  Bay ; 

then  the  channel  through  which  the  San  Diego  had  flowed  from  1825 

to  that  time  was  filled  up.     Lastly  there  was  constructed  a  levee, 

I  Yi  miles  long,  so  as  to  prevent  water  from  escaping  into  San  Diego 

harbor.     The  axis  of  the  embankment  is  the  arc  of  a  circle  whose 

radius  is  1 1,139  ^^^^»  ^^  convexity  being  turned  towards  the  north. 

Its  width  at  the  top  is  23  feet ;  its  sides  have  a  slope  of  2  to  3, 

and  it  is  6  feet  in  height.     It  was  dressed  with  cobble-stones,  laid 

dry  and  rested  on  a  foundation  made  by  digging  a  trench  in  the 

ground  and  filling  this  with  stones  up  to  the  natural  surface.    The 

improvement  was  completed  in   November,  1877,  ^i"^  h^s  since 

needed  but  slight  repairs.     The  levee  was  injured  somewhat  by 

rain  and  also  by  the  cattle  that  found  their  way  over  it.     The  stone 

revetment  was  thrown  down  in  certain  places,  but  the  damage  was 

readily  repaired.     There  is  no  doubt  that  this  construction  will 

stand  the  test  of  years  and  keep  the  San  Diego  within  its  ancient 

limits. 

Wilmington  Harbor. 

The  town  of  Wilmington  is  about  90  miles  distant  from  San 
Diego,  and  is  situated  on  a  small  estuary  opening  into  the  Pacific 
Ocean. 

The  harbor  was  shut  off  from  the  ocean  by  a  long  strip  of  land 
called  Rattlesnake  Island,  to  the  south  of  which  were  low  flats, 
and  beyond  these  a  small  space  of  ground  known  as  Deadman's 
Island.  Rattlesnake  Island  stood  8  to  10  feet  above  high  water ; 
the  flats  were  bare  at  low  water  and  rose  to  a  height  of  2  or  3  feet, 
while  Deadman's  Island,  like  Rattlesnake,  was  never  submerged. 
The  flats  had  all  the  appearance  of  hard,  compact  sand,  but  in 
reality  they  were  quick-sand.  There  was  a  shoal  connecting 
Deadman's  Island  with  the  main  coast,  the  water  over  which  was 
of  such  little  depth  that  vessels  even  of  a  moderate  size  could  not 
make  the  passage.  Ships  had  to  lie  one  mile  from  the  bar  and 
three  miles  from  Wilmington,  the  passengers  and  freight  being 
transferred  to  lighters.  In  many  cases  the  farmers  could  not 
export  their  produce  on  account  of  the  additional  cost  of  freight. 

In  the  year  1 869  Lieutenant-Colonel  Williamson  w«is  ordered 
by  the  Chief  of  Engineers  to  make  an  examination  of  the  harbor, 
with  a  view  of  ascertaining  what  could  be  done  in  the  way  of  im- 
provement.    In  the  first  place  the  shoal  had  to  be  removed ;  and 
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then  the  waters  of  the  bay  needed  deepening.  It  was  noticed 
that  certain  parts  of  land  which  were  submerged  in  1859,  when  a 
Coast  Survey  map  was  made,  were,  in  1869,  quite  out  of  water. 
The  water,  too,  was  deep  in  the  vicinity  of  the  flats,  but  where  the 
bottom  was  unprotected  from  the  open  sea  it  was  quite  shallow. 
Everything  seemed  to  suggest  that  a  dam  should  be  built  from 
Rattlesnake  Island  to  Deadman\s  Island,  in  order  to  secure  the 
scouring  action  of  the  ebb  tide.  As  it  was,  the  escaping  water 
formed  endless  eddies  and  currents  which  might  well  be  utilized. 

The  length  of  the  breakwater  in  the  adopted  design  was  6700 
feet.  Starting  from  Rattlesnake  Island,  the  plan  was  to  build  3700 
feet  of  double  sheeting  piles,  driven  into  the  sand  and  rising  one 
foot  above  high  water.  Then  there  was  to  come  1000  feet  of  con- 
struction, consisting  of  two  parallel  rows  of  12-inch  piles,  10  feet 
apart  and  suitably  braced.  A  portion  was  to  be  filled  with  brush 
and  stone,  while  the  rest  was  to  have  no  filling  at  all.  The 
remaining  2000  feet  consisted  of  a  wall  of  stone  10  feet  wide  at 
the  top,  with  an  exterior  slope  of  i  to  3  and  an  interior  slope  of  i 
to  I.  The  last  portion  would  be  more  exposed  to  the  open  sea ; 
the  waves  would  be  stronger  and  there  would  be  less  likelihood  of 
the  sands  accumulating  around  it.  Timber,  then  would  be  unpro- 
tected, and  would  soon  be  perforated  through  and  through  by 
that  little,  but  active,  agent  of  destruction,  the  teredo  ^uxvalis. 

The  work  was  commenced  in  October,  1871.  The  undermining 
action  of  the  water  soon  swept  away  the  piles.  To  counteract  this, 
heaps  of  brush  and  small  cribs  were  placed  near  the  wall  to  deflect 
the  currents.  They  succeeded  in  doing  so  very  well.  Besides 
this,  the  south-eastern  winds  of  winter  heaped  sand  against  the 
work  on  both  sides.  The  second  section  of  the  timber  portion  was 
commenced  in  January,  1872.  Six  drive-piles  were  used;  one 
drove  the  scaffold-piles,  ten  feet  apart ;  one  drove  the  brace-piles, 
which  were  five  feet  apart,  and  made  an  angle  of  30°  with  the 
vertical.  The  third  put  down  the  uprights,  the  fourth  and  fifth 
placed  in  position  the  sheeting  piles,  while  the  sixth  took  up  the 
scaffold  as  the  work  was  finished.  To  counteract  the  effect  of 
eddies,  and  to  favor  the  accumulation  of  sand,  wings  were  built, 
100  feet  apart,  at  right  angles  to  the  wall.  These  consisted  of 
piling  and  crib-work,  but  were  not  very  successful.  Any  advan- 
tage gained  in  one  quarter  was  lost  in  another. 

The  culminating  undermining  action  of  the  tides  was  reached  in 
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July,  1873,  when  the  wall  gave  way  in  three  places.  An  aggregate 
of  360  feet  of  finished  work  and  120  feet  of  wings  was  swept  away 
by  the  great  currents,  which  ploughed  for  themselves  channels  25 
feet  deep.  Nature  was  allowed  to  take  its  course ;  the  rents  were 
not  repaired  completely.  They  were  filled  with  stone  to  a  depth  of 
4  feet  below  low  water,  on  which  were  placed  cribs  loaded  with 
stone.  Then  the  breaks  were  provided  with  tide-gates,  which 
opened  on  the  flood-  but  closed  on  the  ebb-tide. 

At  the  end  of  November,  1873,  the  4700  feet  composing  the 
timber  portion  were  completed.  The  storms  and  currents  did  not 
fulfil  the  expectation  of  the  engineers  in  regard  to  their  piling  sand 
against  the  timber.  Only  500-600  feet  were  covered,  and  at  mean 
low  tide  the  double  row  of  piling  stood  in  5  feet  of  water.  Quan- 
tities of  stone  and  rock  were  thrown  on  it,  until  they  reached  a 
height  of  3  feet  above  mean  low  water.  This  prevented  effectually 
the  attacks  of  the  teredo. 

On  other  portions  of  the  work,  clay,  sand,  gravel,  and  beach- 
shingle  were  used.  To  control  the  action  of  the  currents,  two  stone 
jetties  were  built;  one,  600  feet,  the  other,  380  feet  long;  700 feet 
of  short  jetties  were  also  constructed  to  aid  the  former  in  accumu> 
lating  sand.  This  took  place  slowly,  but  surely,  so  that,  at  the 
end  of  1874,  there  was  formed  a  bank  100  feet  wide,  and  2500  feet 
long. 

The  last  part  of  the  sea-wall  was  built  to  mean  tide  level,  so  as 
to  permit  the  flood-tide  to  enter  the  inner  harbor.  To  secure  the 
scouring  action  of  the  ebb,  this  was  allowed  as  wide  a  passage  as 
possible.  Up  to  June  30,  1874,  600  feet  of  the  latter  portion  were 
entirely  finished,  600  feet  two-thirds  finished  and  800  feet  one- 
half  finished. 

When  the  breakwater  was  completed,  the  question  of  removing 
the  shoals  before  mentioned  was  considered.  It  was  proposed  to 
make  a  channel  200  feet  wide  and  10  feet  deep  at  low  water. 
As  the  bottom  near  the  shoals  was  composed  of  hard  sand  and 
boulders,  it  was  little  affected  by  the  scouring  action  of  the  water; 
still  there  was  now  a  depth  of  4  feet,  2  feet  having  been  gained 
since  the  commencement  of  the  work.  Surveys  were  made  before 
the  deepening  of  the  channel  was  begun,  and  they  showed  that  a 
depth  of  10  feet  at  low  water  would  give  13-14  feet  at.  high  water, 
and  16  feet  at  spring  tides.  This  would  be  sufficient  for  some 
years  and  would  do  away  with  the  expensive  and  tedious  lighterage. 
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Another  year's  scouring  increased  the  depth  of  the  water  to  6 
feet;,  while  at  the  end  of  the  year  1877  over  24,000  cubic  yards 
had  been  removed. 

Meanwhile,  Rattlesnake  Island  was  being  covered  with  sand, 
until  it  now  extended  2500  feet,  and  had  an  average  width  at  the 
top  of  250  feet.  A  creeping  sand-plant  grew  over  a  large  part  of 
it,  and  its  roots  rendered  the  surface  stable  against  the  wind. 

In  regard  to  the  portion  of  the  timber  work,  that  was  covered 
with  rip- rap,  it  was  found  that  although  the  interstices  of  the 
works  at  first  permitted  the  entrance  of  the  teredo^  these  interstices 
were  afterwards  filled  with  sand. 

In  1878,  there  was  a  channel  through  the  reef  of  clay  and  stone 
at  the  mouth  of  the  harbor,  1 50  feet  wide,  and  1 2  feet  deep  at  mean 
low  tide.  Various  expedients  were  employed  to  hasten  the  de- 
position of  sand  on  the  wall.  A  number  of  lines  of  fascines,  two 
tiers  deep  and  78  feet  long,  were  extended  out  from  the  embank- 
ment on  the  seaside.  These  were  placed  parallel  to  the  crests  of 
the  waves,  and  in  one  month  were  filled  to  the  top  with  sand. 
The  expense  was  too  great,  however,  and  they  were  abandoned. 
On  May  10,  1878,  the  breakwater  underwent,  successfully,  a  severe 
test.  A  tidal  wave  flooded  the  whole  construction,  and  a  portion 
of  the  adjacent  country.  The  water  rose  6.8  feet  in  2^  minutes, 
but  did  not  do  any  damage. 

In  1 88 1,  the  desired  depth  of  10  feet  was  obtained,  but  it  was 
found  that  commerce  was  increasing  so  rapidly  that  this  would 
not  be  sufficient.  Operations  were  continued  in  the  succeeding 
years,  and  in  1888,  15  feet  of  water  stood  at  the  entrance  near 
Deadman's  Island,  where,  in  187 1,  there  was  only  one  foot. 

Oakland  Harbor. 

The  city  of  Oakland  is  second  in  population  only  to  San  Fran- 
cisco. It  is  five  miles  distant  from  the  latter,  and  is  situated  on 
the  estuary  of  San  Antonio,  which  opens  into  San  Francisco  Bay. 
Before  the  year  1873,  when  the  present  improvements  were  first 
projected,  foreign  and  domestic  commerce  were  carried  on  under 
great  disadvantages.  Vessels  bearing  freight  and  passengers  for 
Oakland  were  obliged  to  stop  at  a  point  two  miles  off,  being  pre- 
vented from  approaching  nearer  by  a  sand  bar,  over  which  the 
water  stood  at  a  depth  of  merely  a  few  feet.  A  railroad  built  on 
trestle  connected  the  bar  with  Oakland  proper. 
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Topographical  and  hydographic  surveys  were  made  with  a  view 
of  forming  some  plan  of  cutting  away  the  bar  at  the  mouth  of  the 
estuary,  and  thereby  increasing  the  depth  of  the  water. 

It  is  a  well-known  fact  that,  in  works  of  this  kind,  the  difficulties 
themselves  often  suggest  means  for  their  overcoming.     During 
the  rainy  seasons  of  many  years  sand  had  been  washed  down  into 
the  estuary  of  San  Antonio,  narrowing  its  inner  end  considerably. 
The  tide-water  frpm  the  neighboring  sloughs  flowed  through  the' 
contracted  passage  and  excavated  a  channel  for  itself.    The  estuary 
increased  in  area,  however,  as  it  approached  San  Francisco  Bay, 
the  velocity  of  the  currents  was  lost,  and  the  water  became  very 
shallow.     Inside  there  was  a  depth  of  18  to  20  feet  at  low  tide  ; 
one-half  of  a  mile  further  out  this  was  reduced  to  2  feet.     To 
secure  a  uniform  velocity  in  the  estuary,  the  engineer  in  charge 
proposed  building  two  training  walls  from  Oakland  into  San  Fran- 
cisco Bay.    These  would  confine  the  water  between  them,  increase 
its  velocity  and  cause  much  of  the  sand  to  be  borne  away  by  the 
current.     These  training  walls,  according  to  the  plan  adopted, 
would  be  entirely  covered  at  high  water,  but  would  enclose  be- 
tween them  the  latter  part  of  the  ebb  tide,  which  had  the  most 
scouring  action.     As  the  tide  rises  it  extends  over  a  large  area 
and  deposits  whatever  sand  it  may  carry.    If,  when  it  fall,  its  action 
is  dispersed,  this  remains  and  accumulates  from  year  to  year;  but 
if  the  passage  of  the  outflowing  tide  is  narrow,  its  force  is  concen- 
trated and  it  sweeps  away  all  sediments.    For  another  reason,  also, 
was  this  particularly  true  at  Oakland  Harbor.     The  tides  went 
through  a  cycle  of  increase  and  decrease  ;    a  very  marked  low 
water  was  followed  by  a  very  small  high  water.     Then  there  was 
a  large  high  water,  succeeding  which  was  an  equally  large  low 
water.     The  ebb  tide  between  the  last  two  periods  of  very  high 
and  very  low  water  acquired  so  much  energy  that  confined  between 
the  training  walls  it  would  excavate  in  a  short  time  a  good  chan- 
nel.   But,  as  the  necessities  of  commerce  were  urgent,  this  tide 
was  to  be  assisted  in  its  work  by  two  ways :  First,  by  dredging 
the  channel,  and  secondly,  by  connecting   the*  estuary  of  San 
Antonio  with  that  of  San  Leandro,  and  so  enlarging  the  tidal 
prism.     To  effect  the  latter  result,  a  canal  would  have  to  be  made 
through  the  land  between  the  two  basins.    The  mouth  of  the  latter 
would  have  to  be  closed  partially  by  a  dam  provided  with  auto- 
matic gates  in  case  the  whole  of  the  tide  was  needed. 
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Calculations  showed  that  a  channel  icoo  feet  deep  and  i8  feet 
wide  could  be  expected  from  these  improvements.  The  construc- 
tion of  the  jetties  was  pushed  forward ;  they  were  made  of  loose 
stone  obtained  from  neighboring  quarries.  The  north  wall  was 
completed  to  a  length  of  over  gcxx)  feet,  and  the  south  wall  to  a 
length  of  11,000  feet  when,  about  the  middle  of  the  year  1877, 
operations  in  Oakland  Harbor  were  discontinued,  and  were  not 
resumed  until  three  years  had  passed. 

It  was  found  that  the  impact  of  the  waves  tended  to  demolish 
the  channel  side  of  the  walls,  and  the  latter  were  accordingly 
raised  above  high  water.  Also  the  wall,  when  reaching  merely  to 
low  water,  allowed  large  sediments  of  sand  to  pass  over  it,  and 
was,  besides,  the  cause  of  dangerous  cross-currents.  The  width 
of  the  channel  was  reduced  to  500  feet.  The  jetties  were  not 
increased  in  length,  but  considerable  dredging  was  done,  so  that  in 
1889  a  depth  in  the  channel  of  10  feet  at  mean  low  water  was 
obtained.  On  February  i8th  of  that  year,  ground  was- broken 
for  the  excavation  of  the  tidal  canal,  and  a  contract  was  made  for 
the  removal  of  600,000  cubic  yards  of  sand,  earth,  etc. 

It  was  estimated  some  time  ago  that  thirty  years  would  be  nec- 
essary to  carry  out  the  line  of  improvements  in  full,  but  it  only 
took  four  years  to  show  how  much  the  jetties  benefited  the  harbor 
of  Oakland.  In  1874,  when  the  work  was  commenced,  154.300 
tons  of  freight  were  carried  to  Oakland  through  the  channel ;  in 
1878  this  amounted  to  340,627  tons,  and  in  1889  to  2,208,995  tons. 
The  custom  duties  in  the  latter  year  were  ^^9,786,937,  over  $650,000 
greater  than  in  1888. 

Humboldt  Bay. 

Humboldt  Bay  is  about  230  miles  north  of  San  Francisco.  It 
is  separated  from  the  ocean  by  a  bar  of  varying  position  and  size, 
and  extends  in  two  directions,  the  northern  channel  leading  to 
Eureka,  a  port  of  entry,  and  the  southerly  one  flowing  3  j^  miles 
into  mud  flats.  The  total  length  from  north  to  south  is  14  miles. 
This  harbor  is  completely  land-locked  by  two  spits  of  sand.  The 
width  of  the  entrance  in  185 1  was  2200  feet,  and  the  depth  at  mean 
low  water  21  feet.  In  1882  the  headlands  were  over  4000  feet 
apart,  and  the  sea  at  mean  low  water  was  only  12  feet  in  depth. 
From  September,  1 881,  to  June,  1882,  the  north  head  lost  45  acres, 
corresponding  to  a  displacement  of  1,000,000  cubic  yards  of  sand. 
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Similar  changes  had  taken  place  23  years  previously,  but  the  reefs, 
by  the  slow  action  of  the  water,  returned  to  their  original  position 
and  maintained  it  until  the  forces  opposing  their  formation  sud- 
denly reached  a  maximum. 

The  bar  at  the  entrance  of  the  harbor  was  also  affected.  In 
1859  it  was  one  mile  to  the  south  of  where  it  was  in  1854,  and 
three-quarters'  of  a  mile  north  of  its  position  in  1880. 

It  was  claimed  that  the  great  accumulation  of  sand  in  the  bay 
was  caused  principally  by  the  washings,  during  the  ebb  tide,  of 
the  numerous  streams  that  flowed  through  the  adjacent  sand 
flats.  Some  of  these  deposits  also  came  from  the  Eel  river, 
15  miles  below.  The  current  along  this  part  of  the  coast  is, 
in  general,  a  northerly  one,  but  its  direction  is  reversed  in  sum- 
mer by  the  southerly  winds  which  blow  so  continuously  during 
that  season. 

In  spite  of  this  the  channel  to  Eureka  was  almost  deep  enough  ; 
and  though  breakers  could  generally  be  seen  on  the  bar,  some 
portion  of  the  water  over  it  was  navigable.  The  channel  was  too 
narrow,  and  subject  to  changes  which  were  the  source  of  great 
danger.  The  variations  in  the  width  of  the  channel  were  all  due 
to  the  action  of  the  water  on  a  sand  formation  called  the  South 
Breaker  Flats.  These  encroached  on  the  bar  channel  just  as  it 
rounded  the  north  spit  to  take  its  course  towards  Eureka.  When 
the  flats  rose  above  low  water  they  served  as  a  training  wall  to 
guide  the  currents,  and  as  a  breakwater  to  protect  the  north  spit 
from  the  erosion  of  the  tides ;  but  when  these  sands  could  no 
longer  resist  the  ocean,  there  was  nothing  to  keep  it  from  the  head- 
lands at  the  entrance  of  the  harbor.  The  north  one  was  rapidly 
worn  away ;  the  south  spit  had  a  bed  of  clay,  and  hence  was  more 
permanent  in  character.  It  was  evident  that  either  the  South 
Breaker  Flats  should  be  protected  by  a  revetment,  or  else  that  a 
wall  should  be  built  further  out,  which  would  deflect  the  currents 
from  this  bank. 

In  1882  the  Board  of  Engineers  recommended  the  construction 
of  a  low  water  training  wall,  running  from  the  south  head  in  a. 
northwesterly  direction.  Its  estimated  cost  was  j86oo,ooo.  Noth- 
ing was  done  on  this  until  1888,  when  the  government  acquired 
the  right  to  certain  lands  on  the  line  of  the  work.  The  jetty,  as 
yet  incompleted,  is  made  of  rock  dumped  on-brush  mattresses. 

It  may  possibly  have  to  be  carried  above  high  water,  as  a  wall 
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built  only  to  low  water  permits  sand  to  be  borne  across  it,  and  also 
does  not  fully  concentrate  the  tides. 

As  the  velocity  of  the  current  depends,  comparatively  speaking, 
on  the  narrowness  of  the  channel,  it  is  of  the  highest  importance 
to  preserve  the  north  spit,  either  by  gabions  or  by  a  wall  similar 
to  that  which  runs  out  from  the  south  spit. 

Coos  Bay. 

Coos  Bay  has  not  inaptly  been  described  as  resembling  the  letter 
U,  with  its  convexity  turned  towards  the  north.  When  the  waters  of 
the  Pacific  pass  the  high  bluff  of  Coos  Head,  they  divide  themselves 
into  two  portions.  One  part  ascends  Coos  Bay,  the  other  flows  in 
the  opposite  direction  and  enters  South  Slough.  The  latter  is 
not  navigable,  as  the  depth  of  water  rarely  exceeds  a  few  feet. 
The  harbor  is  completely  land-locked  ;  in  fact,  the  word  '*  Coos  " 
signifies,  in  Indian,  a  lake.  It  extends  notheasterly  about  seven 
miles  to  the  apex  of  the  U,  and  then  descends  southeasterly  about 
five  miles.  The  depth  varies  from  15  to  22  feet  at  low  water,  and 
there  are  in  all  three  bars. 

The  Coos  river,  which  empties  into  the  bay,  is  navigable  for  20 
miles.  Without  the  harbor  and  a  little  to  the  east  of  Coos  Head 
there  is  a  thin  spit  of  land  which  reached  its  maximum  length 
once  in  five  years.  The  northwest  winds  of  summer  increased  the 
spit,  by  degrees,  to  the  southward,  thus  forcing  the  channel  close 
to  Coos  Head,  and  narrowing  the  passage  considerably.  North 
of  Coos  Head  there  was  another  sand-bank,  which  grew  towards 
the  north,  while  the  other  extended  southward.  This  tended  to 
throw  the  channel  on  the  west  side  of  the  sand-spit.  For  five 
years,  as  it  was  ascertained,  both  of  these  formations  grew  until  the 
harbor  reached  its  minimum  width.  Then  the  waters,  confined  up 
to  this,  burst  through  the  sand-spits  and  created  a  passage.  The 
harbor  in  this  condition  was  of  some  use,  but  it  did  not  long 
remain  so,  as  the  accretions  commenced  anew.  One  would  natu- 
rally suppose  that  the  ebb  tide  exerted  a  scouring  action  on  this 
sand-spit;  but  it  did  not,  owing  to  the  fact  that  when  the  tide 
began  to  fall  it  flowed  out  of  Coos  Bay  in  almost  directly  oppo- 
site directions.  Endless  eddies  resulted,  and  all  the  force  of  the 
ebb  was  lost. 

It  was  evidently  necessary,  before  any  good  could  be  accom- 
plished, that  the  two  currents  should  be  prevented  from  meeting 
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each  other,  and  the  sand-spit  be  checked  in  its  downward  growth. 
Then  a  greater  depth  of  water  over  the  bar  could  reasonably  be 
expected.  For  this  purpose  it  was  proposed,  in  1879,  to  build  two 
jetties  ;  one  commencing  a  short  distance  below  Fossil  Point,  and 
the  other  running  across  the  channel  parallel  to  the  first.  The 
two,  it  was  estimated,  could  be  built  for  $972,000 — the  first  alone 
for  ;$6oo,ooo.  Plans  were  then  made  and  adopted  for  the  first  wall. 
It  was  termed  by  the  engineers  in  charge  a  costly  experiment;  but 
time  has  shown  it  to  have  been  a  successful  one. 

Quite  a  latitude  was  given  to  those  who  superintended  the  work. 
The  jetty  was  to  be  either  of  wood  and  stone,  or  entirely  of  stone. 
The  character  of  the  bottom  was  not  known  very  well,  nor  the 
force  of  the  waves,  nor  the  extent  to  which  the  teredo  navalis 
would  attack  timber.  Examinations  showed  that  a  rock,  400  feet 
in  length  and  reaching  to  the  shore,  lay  beneath  the  line  of  the 
embankment.  Beyond  this  there  was  rock  covered  by  a  more  or 
less  thick  coating  of  sand.  As  the  whole  construction  was  some- 
what in  the  nature  of  an  experiment,  it  was  decided  to  build  it  as 
cheaply  as  possible,  and  to  use,  at  least  at  first,  wooden  cribs 
loaded  with  stone.  If  everything  went  on  well  they  could  be 
replaced  by  rock. 

The  proposed  length  of  the  jetty  was  2400  feet.  The  first  crib 
was  sunk  in  1880  at  a  distance  of  538  from  the  shore,  the  interval 
having  been  closed  up  afterwards.  The  cribs  were  50  feet  long,  26 
feet  wide,  and  were  to  project  two  feet  above  low  water.  As  they 
had  to  be  sunk  at  flood  tide,  they  were  made  at  first  somewhat 
higher  than  necessary,  and  were  afterwards  cut  down. 

The  work  progressed  slowly.  The  quarry  was  24  miles  dis- 
tant, and  great  difficulty  was  experienced  from  the  violence  of  the 
currents.  The  cribs  had  to  be  put  in  place  exactly  at  slack  water, 
an  error  or  delay  of  a  few  minutes  causing  complete  failure.  The 
ebb  tide  was  smooth,  and  all  that  was  necessary  to  hold  the  cribs 
in  place  was  to  let  down  two  spuds  from  the  front  and  secure  them 
by  wedges.  Thirteen  cribs  were  laid,  making  an  aggregate  length 
of  650  feet. 

There  was  so  much  trouble  in  sinking  the  last  crib,  on  account 
of  the  strength  of  the  current,  that  it  was  decided  to  continue  the 
embankment  entirely  with  stone.  Meanwhile  the  inshore  interval 
had  first  to  be  built.  This  was  made  largely  of  narrow  plank 
cribs,  ballasted  •  with-  stone,  and .  securedly   rip-rapped,   extreme 
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care  being  taken  to  make  a  good  junction  with  the  main  timber 
portion. 

Up  to  1883  the  embankment  was  in  good  condition.  The  bor- 
ings of  the  teredo  were  marked,  but  not  such  as  to  endanger  the 
stability  of  the  structure.  An  increased  depth  was  obtained  in  the 
channel,  and  the  north  spit  was  moving  very  slowly  but  surely. 
Everything  was  now  ready  for  pushing  the  embankment  seaward, 
and  for  this  purpose  a  railroad  was  built  on  piles  driven  into  the  cribs. 

A  good  quarry  was  discovered  near  by,  and  then  the  work  went 
on  expeditiously  and  without  much  trouble.  Up  to  June,  1888, 
the  following  portions  had  been  completed :  The  inshore  interval 
of  538 'feet,  650  feet  of  timber  cribs,  695  feet  of  box  cribs  and 
stone  dump,  and  416  feet  of  stone  dump.  Also  over  3300  feet  of 
stone  had  been  placed  in  advance  of  the  jetty  to  serve  as  a  foun- 
dation for  the  succeeding  courses  of  stone  and  to  prevent  the 
bottom  of  the  channel  in  the  line  of  the  embankment  from  being 
scoured  out. 

The  channel  was  considerably  improved;  it  was  less  shifting  in 
character,  and  vessels  which  before  had  to  wait  for  weeks  beyond 
the  bar,  could  now  enter  very  easily.  The  sand-spit  was  notice- 
ably wearing  away,  and  the  mouth  of  the  South  Slough  was  being 

filled. 

Yaquina  Bay. 

Yaquina  Bay  is  a  narrow  body  of  water,  20  miles  lotig,  empty- 
ing into  the  Pacific  ocean  at  a  point  between  the  middle  and  north- 
ern extremity  of  the  coast  of  Oregon.  Before  any  improvements 
were  made,  the  channel  at  the  entrance  of  the  harbor  was  divided 
into  three  channels,  called,  respectively,  the  north,  middle,  and 
south.  This  separation  was  caused  by  a  reef  lying  a  mile  from  the 
shore,  and  a  quarter  of  a  mile  from  the  outer  edge  of  the  bar.  The 
reef,  it  is  true,  served  as  a  natural  breakwater,  but  very  often  waves 
passed  over  it  and  did  great  damage  to  the  shore.  The  northern 
head  of  the  reef  was  rocky  and  permanent ;  the  southern  was  com- 
posed of  sand,  and  was  frequently  changed  in  form  by  the  violence 
of  the  waves. 

The  reef,  ru lining  north  and  south,  gave  rise  to  many  shoal  areas, 
especially  in  the  vicinity  of  the  north  channel.  The  beach  near 
the  latter  was  dangerous  and  difficult  to  improve.  The  south 
channel  was  also  shoal,  and  so  blocked  up  by  rocks  that  naviga- 
tion in  it  was  extremely  perilous.     The  middle  channel  was  deeper 
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and  comparatively  free  from  rocks,  though  it  was  supposed  that 
a  reef  lay  beneath  it,  from  the  fact  that  outcrops  of  rocks  were 
visible  on  both  sides. 

It  was  proposed  at  first  to  build  a  timber  cribwork  covering  the 
southern  channel  and  to  protect  the  southern  shore  by  some  means 
from  erosion.  The  first  crib  was  put  in  place  with  great  difficulty. 
It  was  sunk  at  some  distance  from  the  land,  the  idea  being  to  ex- 
tend the  cribwork  shoreward. 

The  currents  were  so  strong  that  the  cribwork  had  to  be  aban- 
doned, and  instead  of  it  a  jetty  of  stone  resting  on  brush  mattresses 
was  commenced  from  the  shore  end  of  the  improvement.     The 
jetty  at  first  was  to  have  been  two  feet  above  mean  low  water,  but 
the  height  afterwards  was  changed  to  full  high  water.     The  mat- 
tresses were  constructed  of  fascines  held  together  by  grillages  of 
fir  poles,  and  were  two  feet  thick.     Two  courses  of  these,  with 
heavy  stone  ballast,  brought  the  jetty  to  high  water.     The  foun- 
dation mattresses  were  60  feet  wide,  the  upper  ones  30  feet  wide. 
When  work  on  the  jetty  was  temporarily  suspended,  a  crib,  30  feet 
by  50  feet,  was  attached  to  its  end  for  the  purpose  of  protecting  it. 
June  30,  1889,  about  3000  feet  of  the  jetty  had  been  completed, 
and  the  work  of  rip-rapping  it  and  raising  it  to  the  desired  height 
was  in  progress.     The  shore  end  of  the  embankment,  consisting 
of  a  dock,  was  washed  away  by  the  tides,  but  the  jetty  itself  re- 
mained uninjured.     The  currents  were  steadily 'eroding  the  south- 
ern beach  of  the  harbor  and  causing  it  to  visibly  recede.     This 
action  was  stopped  to  a  considerable  degree  by  placing  on  it  fas- 
cine mattresses  weighted  down  with  sand  bags.     The  results  of 
the  improvements  were  very  encouraging ;  the  southern  channel 
was  permanently  deflected  from  its  course  and  united  with  the 
middle  channel,  and  the  depth  of  water  in  the  latter  was  increased 
from  three  to  four  feet.     A  further  beneficial  effect  was  observed. 
The  increased  velocity  and  volume  in  the  channel  lessened  some- 
what the  width  of  the  bar  and  forced  it  seaward. 

In  1888  a  plan  of  further  improvement  was  suggested  which 
would  very  much  enhance  the  value  of  the  harbor.  This  was  the 
building  of  another  jetty  extending  from  the  north  head  and  run- 
ning parallel  to  the  south  jetty.  There  would  be  a  width  of  1000 
feet  between  these  which  would  afford  a  good  channel  and  ample 
space  for  the  anchorage  of  ves.sels.  Besides  this,  the  elevation  of 
the  old  jetty  to  high  water  was  contemplated,  as  at  present  large 
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quantities  of  sand  were  carried  to  and  fro  by  the  ebb  and  flow  of 

the  tide. 

The  Mouth  of  the  Columbia  River. 

The  Columbia  is  the  most  important  river  in  the  Pacific  region. 
It  is  navigable  for  a  distance  of,  at  least,  1 50  miles  from  its  mouth 
and  forms  at  its  entrance  into  the  ocean,  a  capacious  harbor  six 
miles  wide  and  ten  miles  long.  Up  to  1884,  however,  it  was  almost 
entirely  closed  in  by  sand  banks  and  sand  bars,  which  oflered  a 
formidable  obstacle  to  vessels  of  deep  draught. 

The  northern  extremity  of  the  mouth  is  Cape  Disappointment, 
called  also  Cape  Hancock ;  the  southern,  a  sand  reef  named  Point 
Adams.  Before  the  improvements  were  instituted,  reefs  grew 
from  both  of  these,  considerably  narrowing  the  waterway.  From 
Cape  Disappointment  a  shoal  extended  to  the  southwest,  forming 
Peacock  spit;  and  from  Point  Adams  a  shoal  to  the  northwest, 
forming  Clatsop  spit.  Between  these,  and  somewhat  inside  of 
them,  there  was  a  sand  island  i  ^  miles  long  and  about  1 000  feet 
wide,  which,  under  the  action  of  the  winds  and  tides,  continually 
shifted  its  position.  The  western  end  of  the  island  was  prolonged 
into  a  submerged  bank  named  the  Middle  Sands,  which  lay  in  a 
southwesterly  direction  for  about  four  miles,  and  then  became 
parallel  to,  and  finally  overlapped,  Clatsop  spit.  This  bank  di- 
vided the  channel  into  two  parts,  which  reunited  at  some  distance 
east  of  the  sand  island. 

This  combination  of  shoals  was  very  unfavorable  to  shipping;  it 
formed  dangerous  currents;  and  vessels,  even  of  moderate  size, 
were  prevented  from  crossing  the  bar  in  stormy  weather.  Sailing 
craft  were  often  compelled  to  lie  for  weeks  outside  or  inside  the 
harbor.  Very  frequently  cargoes  for  foreign  trade  had  to  be  sent, 
first  to  San  Francisco  in  h'ght  vessels  and  thence  to  their  destination. 

In  1884,  a  plan  was  adopted  of  building  a  low  tide  jetty  from 
Point  Adams,  or  near  it,  to  a  point  three  miles  south  of  Cape  Dis- 
appointment. The  jetty  was  to  have  a  slight  convexity  towards 
the  north,  and  was  to  be  built  largely  of  stone ;  wood,  mattresses 
or  piles  being  used  when  convenient.  The  project  had  in  view 
the  securing  of  a  depth  of  thirty  feet  in  the  channel  at  low  water. 

The  \york  was  prosecuted  energetically,  and  by  October,  1885, 
1020  feet  of  brush  mattresses  had  been  constructed.  They  were 
36  to  45  feet  wide  and  about  two  feet  thick.  Stone  ballast  from 
a  quarry  twelve  miles  distant  was  used.     A  short  spit  was  built 
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across  an  old   lagoon,  which  overflowed   in   rainy  weather  and 
threatened  the  jetty  with  destruction. 

Noticeable  changes  took  place  in  the  reef  in  consequence  of  the 
new  channel  that  the  water  was  compelled  to  follow ;  Clatsop  spit  be- 
came higher,  several  acres  were  added  to  Point  Adams,  and  the  main 
channel  of  the  Columbia  took  a  more  direct  course  to  the  ocean. 

Up  to  July  1st,  1889,  7424  feet  of  the  main  jetty  had  been  com- 
pleted, also  2580  feet  of  secondary  construction,  such  as  trestle- 
work  to  support  the  rails  over  which  the  stone  cars  ran.  The  total 
cost  of  the  completed  portion  of  the  jetty  was  over  $740,000,  and 
it  was  estimated  that  it  could  be  finished  with  the  expenditure  of 
$2423,000.  Supposing,  then,  that  adequate  appropriations  be 
made  by  the  Legislature,  the  improvements  of  the  mouth  of  this 
river  will  cost  about  $3,000,000. 

The  Mouth  of  the  Coquille  River. 

The  mouth  of  the  Coquille  river  is  about  18  miles  north  of  Point 
Orford.  It  is  only  12  miles  south  of  Coos  Bay,  and  when  the 
contemplated  improvements  have  been  made  on  it,  the  surround- 
ing country  will  possess  two  fine  harbors  within  a  small  distance 
of  each  other. 

The  south  side  of  the  entrance,  which  is  200  feet  wide,  is  a  bold, 
rocky  headland;  the  north,  a  low  spit  of  sand.  In  the  year  1879, 
the  maximum  depth  in  the  bay,  at  low  water,  was  five  feet.  Navi- 
gation was  exceedingly  dangerous.  The  channel  by  the  rocks  of 
the  southern  headland  had  a  very  tortuous  course.  The  bed  of 
this  was  not  fixed ;  but  often,  in  one  year,  shifted  several  hundred 
feet.  The  northwest  winds  of  summer  prolonged  the  north  spit, 
and  the  scouring  action  of  the  ebb  was  so  much  weakened  in  con- 
sequence that  the  growth  of  these  sands  was  favored  and  the  chan- 
nel forced  to  the  south.  In  winter,  however,  during  the  southwest 
gales,  this  action  ceased,  and  the  sand  spit  became  much  dimin- 
ished in  size,  and  the  channel  took  once  more  a  northerly  direction. 

The  plan  of  improvement  suggested  comprises  two  parallel, 
high  tide,  stone  jetties,  800  feet  apart,  and  running  from  the  north 
and  south  head  respectively. 

In  1888,  after  1000  feet  of  a  temporary  north  jetty  had  been 
constructed,  a  channel  was  cut  through  the  spit  and  the  old  bed 
filled  with  sand.  The  spit  continued  to  grow,  but  in  a  direction 
parallel  to  the  jetty. 
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ABSTRACTS. 


Analytical  Chemistry,  By  E.  Waller,  Ph.D. 

Crucibles  and  other  apparatus,  Warren  {Chem,  News^  Ixiv.,  146). 
A  good  substitute  for  a  platinum  crucible  may  be  made  by  taking  a  bit 
of  platinum  foil  and  folding  it  twice  as  a  piece  of  filter  paper  for 
filtering. 

Gold  or  silver  crucibles  may  be  made  by  coating  the  outside  of  a 
porcelain  crucible  of  convenient  size,  with  collodion  ;  after  drying 
applying  a  solution  of  either  gold  chloride  or  silver  nitrate.  Then 
suspending  the  crucible  while  moist  over  a  strong  solution  of  SO,,  and 
finally  electroplating  upon  the  metallic  surface  so  formed  (gold  or 
silver  as  the  case  may  be)  until  a  crucible  of  sufficient  thickness  has  been 
formed.  On  drying  and  igniting,  the  porcelain  core  may  be  readily 
detached. 

To  coat  flasks  with  metallic  copper,  a  film  upon  which  the  metal  may 
be  electrolytically  deposited,  may  be  prepared  by  causing  the  flame  of 
burning  SbH,  to  impinge  upon  the  cold  surface  of  the  flask. 

Quantitative  Analysis.  Baumann  {Zts.  f,  Angew,  Chem.,  1 891,  pp. 
135,  203  and  328)  proposes  a  method  depending  on  the  reaction  between 
H^O,  and  chromates  in  presence  of  H^SO^  applicable  in  various  cases. 
A  flask  of  the  general  form  of  Wagner's  azotometer  is  used  which  per- 
mits the  admixture  of  the  H^O,  with  the  solution  after  charging,  and 
the  measurement  of  the  gas  evolved.  If  the  solution  is  not  too  concen- 
trated it  was  found  that  one  mol.  CrO,  evolves  4  atoms  of  oxygen,  and 
I  mol.  K,Cr,0,  evolves  8  atoms  under  these  conditions,  or  i  c.c.  O  at 
o*'  and  760  min.  r=  2.246  mgs.  CrOj.  HNO3  except  in  small  propor- 
tion should  be  al)sent.  CrO,  is  estimated  by  converting  to  chromate 
by  Hj,0^  in  an  alkaline  solution,  boiling  to  destroy  the  excess,  and  then 
testing  in  the  apparatus,     i  c.c.  O  =  1.71  mgs.  Cr,Oj. 

SO,  may  be  determined  by  adding  to  the  solution  a  known  amount 
of  BaCrO^  dissolved  in  HCl ;  after  shaking,  the  BaSO^  and  excess  of 
BaCrO^  are  precipitated  by  neutralization  with  ammonia,  and  in  the 
solution  the  CrO,  is  determined  in  the  apparatus  i  c.c.  O  =r  1.787636 
mgms.  SO,. 

Pb,  Bi  and  Ba  are  determined  by  treating  their  precipitated  chromates 
in  the  apparatus  with  dilute  HjSO^. 

I  c.c.  0  =  4.9776  mgs.  PbO  or  =  5.192  mgs.  Bi,Oj  or  ==  3.42 
mgs.  BaO.  Iodine  may  be  estimated  by  using  an  alkaline  solution  of 
H/!),  the  reaction  being 

I,  +  2  KOH  +  H,0,  =  O,  +  2KI  +  2H,  O. 

I  c.c.  =  11.33  ™SS.  I.  This  reaction  is  applicable  to  iodometric 
processes.  By  the  use  of  KIO,  in  conjunction  with  KI  an  acidimetric 
estimation  may  be  rapidly  efTected,  since  the  acid  sets  free  HI  which 
reacts  with  the  HIO,  a^ording  free  I  which  can  be  estimated  in  the 
manner  sketched. 
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Separation  of  Baryta  from  Lime.  Fresenius  {Fres.  Zts,  AnaL  Chem,^ 
XXX.,  452)  gives  a  continuation  of  his  paper  on  this  subject.  If  but  little 
more  H^SO^  than  will  suffice  to  form  BaSO^  is  added,  some  Ba  escapes 
precipitation,  but  some  CaSO^  goes  with  the  precipitate  giving  high 
results ;  with  six  times  as  much  H,SO^  as  this,  all  Ba  was  precipitated 
but  some  CaSO^  also  came  down.  Too  large  an  excess  of  HCl.  dissolves 
some  BaSO^,  but  this  effect  is  diminished  by  an  excess  of  H^SO^  and 
with  these  conditions  coupled  with  considerable  dilution  fairly  good 
results  were  obtained.  Diehl's  method  of  separation  by  dissolving 
CaSO^  out  with  sodium  hyposulphite,  did  not  effect  a  separation  except 
incases  when  the  sulphates  were  separately  precipitated  and  then  mixed. 

Separation  of  Baryta  from  Lime.  Fresenius  {Zts,  AnaL  Chem.^  xxx., 
595)  sums  up  the  result  of  his  investigation  of  the  different  methods  thus  : 

1.  Affordmg  complete  separation  and  satisfactory  results  : 

a.  Separation  by  ammonium  chromate,  double  precipitation. 

b,  by  hydro-fiuo-silicic  acid,  combined  method. 

2.  Separation  not  quite  complete  but  results  fairly  good  : 

a.  by  ammonium  chromate, — single  precipitation. 

b.  by  hydro  fluo-silicic  acid, — washing-out  method. 

3.  Separation  much  less  complete,  but  affording  moderately  fair 
results  often  apparently  good,  by  counterbalance  of  errors  : 

a.  by  hydro-fiuo-silicic  acid  as  practiced  up  to  the  present  time. 

b.  Separation  of  the  mechanically  mixed  sulphates  by  sodium  hypo- 

sulphite. 

c.  by  sulphuric  acid  in  a  solution  strongly  acidified  with  HCl. 

d.  by  heating  the  freshly  precipitated  sulphates  with  K^CO,  solution. 

e.  by    precipitation    with     a     mixture     of    K^SO^    aod    K^COj, 

(Fleischer's.) 
/.  by  precipitation  with  (NHJ,SO^  and  (NHJ^QO^  and  titration 
of  the  CaC,0,  (Sidersky.) 

4.  Methods  which  must  be  designated  as  hardly  or  not  at  all  usable  : 

a.  by   precipitation    with    H^SO^   from   solutions  containing  but 

little  HCl. 

b.  by  treating  the  sulphates,   precipitated  together,  with  sodium 

hypo-sulphite. 

c.  by  treating  the  precipitated  sulphates  with  (NHJ^COj. 

d.  by  precipitation  and  digestion  with  a  concentrated  solution  of 

(NH,),SO,. 

Iron  and  Alumina  in  Phosphates,  Vogel  {Chem,  Zeits,,  xv.,  495). 
After  precipitating  the  lime  as  sulphate  by  Glaser's  method  (vid.  Quar- 
terly xi.  273,  xii.  262  and  338)  the  filtrate  is  pre<:ipitated  by  excess  of 
ammonia  which  is  not  expelled  by  boiling.  The  precipitate  of  iron  and 
alumina  phosphates,  containing  also  possibly  some  MgO,  is  filtered,  and 
toithout  washing  30  c.c.  molybdate  solution  is  poured  upon  the  filter, 
the  solution  being  first  caught  in  the  beaker  in  which  the  precipitation 
was  made,  and  then  poured  back  once  through  the  filter ;  wash  with 
diluted  molybdate  solution.  The  filtrate  then  contains  Fe^OgjAl^Oj 
MgO  and  MoO,.  After  neutralizing  with  ammonia,  and  boiling  to 
render  Alj(OH),  insoluble,  10  c.c.  of  strong  ammonia  is  added,  which 
dissolves  any  MgO  or  M0O3  that  may  have  clung  to  the  precipitate. 
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Separation  of  Ferric  Oxide  from  Alumina,  Beilstein  and  Luther  (  Chem. 
Centr.  1891,  i.  809).  The  nitric  acid  solution  is  evaporated  to  dryness 
and  heated  on  the  water  bath  until  it  has  no  more  odor  of  acid.  After 
dissolving  in  a  little  water^  and  boiling  ten  minutes  2  to  3  c.c.  of  a  10 
per  cent  solution  of  (NHJ^SO^  is  added.  After  settling  the  basic  ferric 
nitrate  is  filtered  off.  The  alumina  forms  a  basic  nitrate  under  these 
conditions  which  is  soluble. 

Separating  Iron,  Aluminum  and  Chromium.  Marchal  and  Wiernik 
{Zts.  Angew.  Chem,,  1891,  511).  The  solution  is  neutralized  as  exactly 
as  possible  by  addition  of  Na^CO,.  Then  freshly  precipitated  MnO, 
(obtained  by  precipitating  K^Mn^Og  with  MnSO^,  filtering  and  wash- 
ing) is  added,  and  the  solution  is  boiled.  Test  a  drop  of  the  solution 
with  ferro-cyanide.  If  no  Fe  remains  in  the  solution  all  Cr  has  been 
oxydized.  Filter  off  Fe^COH)^  -f  Mn  O^H^O  and  in  the  filtrate  pre- 
cipitate AL,(OH)g  by  ammonia.  The  precipitate  also  carries  Mn  with 
it,  from  which  the  Al  may  be  separated  by  the  basic  acetate  method. 

Analysis  of  Sodium  Aluminate,  Lunge  {Fres,  Zts,  Anal.  Chem,^ 
XXX.,  471).  To  solution  of  a  weighed  portion  of  the  sample,  add  phenol- 
phthalein  and  titrate  hot.  The  result  shows  Na^O,  combined  with 
AljOj ;  then  add  one  drop  of  methyl  orange,  and  titrate  at  30  to  37°  C. 
The  last  gives  the  measure  of  the  AljO,  (ic.c.  decinormal-HCl  =  0.0017 
AljOj).  Insoluble  matters  are  determinable  by  filtering  the  original 
solution  before  titration.  If  much  silicate  is  present,  the  titration 
results  are  inaccurate. 

Aluminum  in  Iron  and  Steel.  Drown  and  McKenna  (^Am.  Inst.  Min. 
Eng.,  Cleveland  meeting,  June,  1891)  have  experimented  with  a 
method  consisting  in  electrolytically  separating  the  Fe,  using  a  mercury 
cathode,  and  in  the  filtrate  precipitating  the  Al  as  phosphate.  In 
attempting  to  determine  the  iron  separated  it  was  found  that  the  mer- 
cury vaporized  [perceptibly  by  heating  when  it  was  attempted  to  dry  it. 
Error  from  this  source  was  found  to  be  preventable  by  using  a  blank 
beaker  of  mercury  in  the  circuit  and  drying  for  only  two  minutes  at 
100*  before  weighing.  A  current  of  two  amperes  was  found  to  be  best, 
with  a  nearly  neutral  solution  of  small  bulk,  and  at  least  50  times  as  much 
Hg  as  there  was  Fe  present.  Under  these  conditions  10  grammes  of  Fe 
precipitated  in  10  to  15  hours.  Mn  if  present,  partly  oxidizes  and 
deposits  on  the  anode,  and  partly  reduces  and  alloys  with  the  Hg. 
Phosphoric  acid  seemed  to  have  no  influence  on  this  method  of  separ- 
ating Fe.  *No  Al  is  precipitated.  The  method  adopted  consisted  in 
dissolving  5  to  10  grms.  of  the  manufactured  iron  in  H.^SO^  evaporating 
to  fumes  dilution,  filtering,  etc.  After  nearly  neutralizing  with  am- 
monia, and  adding  about  100  times  as  much  Hg  as  the  weight  of  the 
iron  taken,  dilute  the  solution  to  300  to  500  c.c,  and  electrolyze  over 
night.  When  the  solution  gives  no  reaction  for  Fe.,  remove  the  solu- 
tion, and  wash  without  breaking  the  circuit.  To  the  solution  and  washings 
add  excess  Na^HPO^  and  about  10  grms.  of  acetate,  nearly  neutralize 
with  ammonia  and  boil  for  at  least  40  minutes,  filter,  etc.  Avoid  exces- 
sive washing.  The  precipitate  after  ignition  should  be  white.  Its 
composition  under  these  conditions  seems  to  be  7  Al^Oj,  6  P^Oj  contain- 
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ing  24.14  per  cent,  of  Al.  If  the  precipitate  is  colored  with  iron,  it 
should  be  rendered  soluble  by  fusion  with  KHSO^  and  electrolyzing 
again  etc. 

Manganese  in  Slags  and  Ores.  Norris  {lour.  Anal,  Chem.,  v.,  430). 
In  slags.  Treat  i  grm.  with  50  HNO,  (Gr.  1.43)  boil  and  add  3  or  4  c.  c. 
of  HFl.  Boil  to  remove  HFl.  Then  precipitate  with  KCIO,  and  treat 
as  in  the  Ford- Williams  method.  In  ores,  i  or  0.5  grm.  according  to 
richness  is  treated  with  50  c.c.  HNO,  as  above.  Bring  to  a  boil,  and  add 
a  few  pieces  of  tartaric  acid.  When  the  solution  clears,  add  a  little 
HFl  and  boil.  Then  precipitate  with  KCIO,  and  manage  as  before. 
A  determination  can  thus  be  effected  in  45  minutes. 

Separation  of  Manganese  and  Zinc.  Jannasch  and  McGregory 
{Jour.  f.  Prakt.  Chem.,  Chem.  News  Ixiv.,  182)  find  that  H^Oj 
separates  MnOg  completely,  provided  a  large  excess  of  NH^Cl  and 
ammonia  are  present.  To  a  solution  containing  0.5  grms.  each  of 
these  metals,  was  added  100  c.c.  of  a  15  to  20  per  cent  solution,  of  NH^ 
CI.,  and  a  corresponding  bulk  of  strong  ammonia.  On  adding  50  to  60  c.c. 
pure  H,Oj  solution,  and  heating  for  about  15  minutes  on  the  water  bath, 
MnOj  free  from  Zn  was  completely  precipitated.  In  the  filtrate  the 
Zn  may  be  separated  as  sulphide  or  it  may  be  evaporated  to  dryness, 
and  the  NH^Cl  volatilized  off  by  cautious  heating  over  a  bed  of  asbestos. 
Direct  heating  by  the  fiame  will  cause  the  loss  of  some  Zn. 

Volatility  of  Nickel^  etc.  Schutzenberger  (C  Rend,  cxiii.,  No.  4) 
finds  that  when  dry  NiCI,  is  heated  in  a  current  of  hydrogen,  some  Ni 
is  volatilized.  The  same  phenomenon  was  observed  with  the  Fe  and 
Zn  salts. 

Delicate  Reaction  of  Copper.  Thoms  {Phar.  Central  H.)  finds  that 
distilled  water  containing  minute  traces  of  Cu,  such  that  ammonia  or 
ferrocyanide  fail  to  show,  assumes  a  yellow  tinge  with  KI,  from  freeing 
of  I  according  to  the  well-known  reaction  (CuJ.^  +  I,). 

Determination  of  Chrome  Yellow.  Lashand  and  Lepierre  {Bull.  Soc. 
Chim.  vi.  235).  Lead  chromate  in  contact  with  dilute  KOH  reacts 
thus:  2PbCrO,+  2KOH=PbO.PbCrO,+  K,CrO,  +  H,0.  If  an  known 
amount  of  alkali  is  used,  the  insoluble  basic  chromate  may  be  filtered 
off,  and  the  alkali  remaining  determined  by  use  of  standard  sulphuric 
acid  using  phenol  phthaleine  as  indicator. 

The  authors  treat  2  grms.  of  the  sample  with  20  c.c.  of  double  normal 
KOH,  in  a  flask  fitted  with  a  ground  stopper.  After  shaking  until  the 
color  of  the  neutral  chromate  has  been  completely  changed  to  that  of 
the  basic  salt,  water  is  added,  and  after  filtering  or  allowing  the  precipi- 
tate to  settle,  an  aliquot  portion  of  the  clear  liquid  is  titrated.  A  test 
may  be  made  in  ten  minutes. 

Determining  Antimony.  Thiele  {Liebig's  Ann.  cclxiii.,  361)  has  in- 
vestigated the  methods  depending  on  separation  in  the  metallic  state, 
by  means  of  iron,  dissolving  out  the  Fe  by  HCl  washing  and  weighing. 
Some  Sb  (i  or  2  per  cent.)  always  went  into  the  washings.  As  to  methods 
for  determination  as  Sb^S^  the  results  were  always  too  low,  the  precipi- 
tate containing  Sb^S,  or  else  having  been  decomposed  by  the  CS,  used. 
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Separation  of  Antimony  and  Arsenic,  Gooch  and  Danner  {Chem, 
NewSy  Ixiv.,  203).  The  use  of  HI  as  a  reducer  instead  of  a  ferrous  salt 
in  Fischer's  method  (distilling  off  AsCl,)  is  proposed.  The  process  is 
conducted  in  a  flask  arranged  with  a  glass  stopper  arranged  in  such  a 
way  that  HCl  gas  may  be  passed  in,  and  the  distillation  at  the  same 
time  carried  on,  the  vapors  coming  only  in  contact  with  glass.  To  tlie 
solution  containing  not  over  0.5  grms.  of  either  element  is  added  a  little 
over  0.5  grms.  KI,  and  enough  concentrated  HCI  to  make  the  bulk  up 
to  100  c.c.  HCl  gas  is  then  passed  in  to  saturation,  the  passage  of  the  gas 
being  continued  throughout  the  distillation.  After  about  50  c.c.  or  over 
has  been  distilled  off,  the  arsenic  is  in  the  distillate,  while  the  antimony 
remains  in  the  flask.  This  is  cooled  quickly,  and  treated  first  with  an 
excess  of  SO,,  then  with  iodine  to  exact  oxidation  of  the  surplus  SO,. 
Then  i  grm.  tartaric  acid  is  added  for  every  0.2  gm.  Sb,03  present,  and 
the  liquid  is  neutralized  with  soda,  being  /completed  with  NaHCO,. 
After  adding  10  c.c.  saturated  NaHCOg  solution  for  every  o.  i  grm. 
SbgO,  present,  the  solution  is  titrated  with  t^I  solution  which  has  been 
standardized  against  tartar  emetic.  Results  are  obtained  in  about  i^ 
hours. 

Arsenic  Antimony  and  Tin  in  Gray  Copper  Orcy  etc,  Hampe  (^Chem. 
Ztg,y  No  26).  Use  10  grms  HjjQH^O,  and  30  c.c.  HNO,  per  gramme  of  ore 
and  allow  the  mixture  to  stand  for  some  hours  warm.  Any  undissolved 
residue  is  treated  with  K,S.  Heat  to  60°  C  and  pass  H,S.  Treat  the 
precipitate  with  K,  S,  precipitate  that  solution  with  H,SC)^,  dissolve  the 
(NHjjS,  evaporate  to  dryness, — oxidide  with  HCl  and  KCIO3,  then 
add  HjC^H^Oj  and  precipitate  As  by  magnesium  mixture.  The  pre- 
cipitate should  be  purified  by  re-solution  in  HCl,  and  re-precipitation 
with  ammonia.     In  the  filtrate  separate  Sn  and  Sb  by  Rose's  method. 

Determination  of  Molybdic  and  Tungstic  Acids,  Smith  and  Bradbury 
(/.  AnaL  Chem,^  v.  481).  It  was  found  that  these  acids  could  be 
precipitated  as  barium  salts.  For  molybdic  acid  after  adding  BaCl,  and 
boiling  some  time ;  the  solution  needed  to  be  cooled  before  filtering, 
and  washed  with  cold  water.  The  tungstate  did  not  require  cooling. 
Both  Ba  salts  dissolve  to  some  extent  in  NH^NO,  solution.  The  preci- 
pitates detached  readily  from  the  paper,  but  had  to  be  dried  at  a  tem- 
perature below  red  heat.  Ca  salts  were  serviceable  for  the  determination 
of  M0O3  but  not  for  WO^.  For  the  former,  after  adding  CaCl,  to  the 
boiling  solution,  and  boihng  until  the  precipitate  became  granular,  the 
solution  was  cooled,  and  one  third  its  volume  of  strong  alcohol  added. 
After  standing  over  night,  this  was  filtered  and  washed  with  diluted 
alcohol  (i  13).  The  precipitate  required  heating  strongly  for  15  minutes 
before  weighing. 

Precipitation  as  the  Pb  compounds  was  found  to  be  satisfactory.  In 
the  case  of  WO,  the  use  of  NH^NO,  in  the  solution  and  wash  water  was 
practically  indispensable.  Determination  as  the  Ca  salts  was  found  also 
to  be  practicable.  The  Ag  and  Co  salts  were  not  of  service  for  quanti- 
tative estimations. 

Electrolytic  Separation  of  Iron,  Smith  and  Muhr  (y.  Anal.  Chem,^ 
v.,  488).     Metallic  iron  was  readily  deposited  from  solutions  containing 
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tartaric  acid  and  an  excess  of  ammonia.  The  deposit,  however,  always 
contained  some  carbon  in  varying  amounts.  The  separation  from  Al. 
can  be  thus  effected ;  Ni,  Co,  Zn,  Cu  or  Cd  can  be  precipitated  in  the 
same  manner,  and  none  of  these  metals  carry  carbon  with  them. 

Electrolytic  DeterminaHaH  of  Metals  as  Amalgams.  Vortmann  {^Be^ 
richtCy  xxiv.,  2749).  The  idea  of  using  mercury  in  connection  with  the 
negative  pole  has  been  proposed  by  Gibbs  and  Luckow.  The  author 
proposes  to  precipitate  mercury  on  a  platinum  dish  from  a  solution 
containing  a  known  amount  of  HgCl,  (or  a  solution  of  HgO)  simul- 
taneously with  the  metal  to  be  determined.  The  strength  of  current 
used  should  be  about  6  to  8  c.c.  of  gas  per  minute  at  the  start,  until  the 
^metals  begin  to  separate,  when  it  is  reduced  to  2  or  3  c.c.  and  after- 
ward gradually  increased  up  to  6  or  8  c.c.  The  precipitated  metal  if 
washed  successively  with  water,  alcohol  and  ether,  and  then  dried  by 
the  warmth  of  the  hand  aided  by  a  gentle  blast  of  air,  can  be  kept  for 
some  days  without  loss.  Experiments  were  first  made  on  the  separation 
of  Hg  from  :  i.  The  double  ammonium  oxalate.  2.  From  ammoniacal 
solution  containing  tartaric  acid.  3.  From  Na^S  solution  containing 
NaOH  and  4.  From  KI  solution.  In  the  first  there  is  a  tendency  to  a 
separation  of  Hg,Cl,  which  prolongs  the  time  necessary  for  reduc- 
tion, especially  if  the  solution  is  warm. 

Zinc  can  be  separated  from  the  double  agimonium  oxalate  solution 
using  an  excess  (3  to  5  gms)  (NH^),CjO^.  Not  too  large  an  excess  of  Hg 
must  be  used  (at  most  2  to  3  parts  Hg  to  i  part  Zn)  or  a  partially  spongy 
precipitate  results,  which  is  difficult  to  wash  and  dry. 

Zinc  can  also  be  determined  in  the  ammoniacal  tartrate  solution.  In 
this  case  at  least  three  times  as  much  Hg  as  Zn  must  be  used,  since 
otherwise  the  amalgam  exfoliates.  An  excess  of  Hg  does  no  harm.  In 
this  case  the  amalgam  attacks  the  platinum  dish. 

Cadmium  can  be  separated  in  a  similar  manner  to  zinc.     The  oxalate 
solution   is  only  to  be  recommended  when  the  amount  of  Cd  is  small. 
0.2  to  0.3  gm.  as  the  double  ammonium  oxalate  is  not  very  soluble.    If 
over  0.3  gm.  Cd  is  present,  add  3  gms.  HjC^H^O,,  at  least  four  times  as 
much  Hg  as  Cd,  render  strongly  alkaline  with  ammonia  and  electrolyze. 

Lead  can  also  be  determined.  The  tendency  to  the  formation  of 
PbO,  on  the  positive  electrode  was  prevented  by  the  use  of  nitrite. 
The  Pb  salt  and  HgCl,  were  dissolved  in  water,  3  to  5  gms.  NaC^H^O, 
added,  then  a  few  drops  of  concentrated  solution  of  KNO.^,  then  HC, 
H3O,  to  dissolve  the  white  precipitate  which  formed,  and  the  solution 
subjected  to  electrolysis,  a  few  drops  of  the  KNO,  solution  being  added 
whenever  brown  PbO,  appeared  on  the  positive  electrode.  The  depos- 
ited amalgam  needs  to  be  rapidly  washed  and  dried,  since  it  oxidizes 
quickly  when  moist.  Pb  can  also  be  separated  from  a  solution  slightly 
acid  with  HNO,,  if  KNOj  solution  is  added  from  time  to  time,  but  the 
operation  is  longer  than  with  the  acetic  solution.  In  an  alkaline  solu- 
tion no  formation  of  PbO,  occurs.  Dissolve  the  Pb  salt  and  HgCl,  in 
water,  add  a  few  grms.  HjC^H^O,,  then  an  excess  of  NaOH,  and  KI 
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until  the  precipitate  dissolves  ;  dilute  as  much  as  possible,  and  electro- 
lyze.  This  mode  of  procedure  is  better  for  purposes  of  separation  than 
of  determination  as  the  amalgam  cannot  be  safely  washed  with  alcohol, 
and  if  washed  with  hot  water  and  dried^  the  results  are  always  high. 

The  ammoniacal  tartrate  solution  is  serviceable  for  the  separation  of 
Pb  from  Sn,  Sb  and  As. 

Bismuth,  The  double  ammonium  oxalate  is  too  slightly  soluble  i" 
water  to  be  of  service.  In  acid  solutions  the  tendency  to  the  formatio"^ 
of  basic  salts  may  be  checked  by  addition  of  KI  or  of  alcohol  rather 
than  of  acid,  in  ammoniacal  solutions  the  proportion  of  Hg  must  be 
larger  than  with  acid  or  neutral  solutions  (KI  sol'n.). 

Antimony,  The  metal  must  be  in  the  pentad  form.  The  Sb  salt 
together  with  the  necessary  amoimt  of  HgCl,  was  dissolved  in  warm 
water  with  addition  of  excess  of  strong  Br.  water.  Then  NaOH  with 
Na,S  solution  was  added  until  a  clear  solution  resulted,  and  after 
dilution  so  far  as  possible,  the  solution  was  electrolyzed.  At  the  end  of 
the  operation  the  positive  electrode  had  a  thin  coating  of  sulphur,  which 
during  the  progress  of  the  de])Osition  was  black  from  HgS.  When  a 
few  drops  of  the  solution  gave  only  a  white  milkiness  with  dilute 
H,SO^  the  operation  was  finished.  Tin  is  not  deposited  under  these 
conditions.  Experiments  on  the  separation  of  arsenic  in  an  amalgam 
have  thus  far  been  unsuccessful. 

Electrolytic  Separation  of  Mercury  from  Copper,  Smith  and  McCauley 
{J,  Anal,  Chem,,  v.,  489).  The  separation  in  a  cyanide  solution  requires 
a  careful  adjustment  of  the  current.  The  larger  the  proportion  of  Cu 
present,  the  weaker  the  current  must  be.  The  presence  of  Zn,  Ni, 
etc.,  caused  no  interference. 

Separating  Halogens.     Forbes  ( Chem,  News^  Ixiv.  ,112.)     By  slightly 
heatmg  a  mixture  of  alkaline  chloride,  bromide  and  iodide,  with  MnO, 
and  acetic  acid,  free  I  is  obtained  ;  after  driving  this  off  the  addition  of 
a  little  HNO3  set  free  Br.     After  removing  this  and  cooling  the  tube, 
H,SO^  is  added  and  heat  applied  when  CI  is  set  free. 

Phosphorus  in  Irons.  Centrifugal  process.  Reinhardt  {Chem,  Zeits.y 
XV.,  410)  describes  the  method  which  is  used  in  many  German  steel 
works.  It  de[)ends  on  the  measurement  of  the  bulk  ot  the  phospho- 
molybdate  precipitate  obtained,  after  compacting  it  by  means  of  centri- 
fugal action  in  a  graduated  tube  terminating  above  in  a  pear-shaped 
bulb.  The  value  of  each  division  of  the  tube  is  determined  by  com- 
parison of  results  with  gravimetric  estimations.  In  making  the  tests  an 
absolutely  uniform  method  of  procedure  is  indispensable.  2  gms.  of 
the  iron  or  less  if  the  P  is  i  per  cent,  or  over,  is  sufficient  for  the  test. 
The  carbon  which  might  add  to  the  bulk  is  removed  by  addition  of 
permanganate  in  excess  and  then  removing  the  excess  by  use  of  K,CjO^ 
solution  added  drop  by  drop.  Silica  has  to  be  filtered  off  if  much  in 
amount.  For  details  of  the  method  the  original  paper  should  be 
consulted. 

Sulphur  in  Iron  and  Steel,     Hattensaur  (^Chem,  Zeit,  xv.,  581)   gives 
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a  series  of  comparative  analyses  of  Siemens* Martin  metal  by  the  (HCl) 
evolution  method,  and  by  dissolving  in  sodium  copper  chloride.  The 
results  show  a  close  agreement,  although  one  sample  contained  0.16 
per  cent.  Cu. 

Estimation  0/  Boric  Acid,  Hehnr  {Analyst^  xvi.,  141)  gives  the 
results  of  experiments  on  the  fixing  of  boric  acid  with  different  reagents, 
it  being  already  satisfactorily  established  that  the  acid  can  be  distilled 
off  from  its  combinations  by  treatment  with  sulphuric  acid  and  methyl 
alcohol.  Magnesia  fixes  it  only  with  difficulty.  Lime  fixes  it  readily, 
but  it  is  difficult  to  ignite  the  product  to  constant  weight.  Fixing  with 
ammonia  or  with  Na,CO,  was  found  to  give  unsatisfactory  results.  Na,- 
HPO4  gave  fairly  good  results,  though  it  was  necessary  to  ignite  with 
great  care  to  prevent  spurting.  The  indications  seemed  to  be  that  i  mol. 
Na,HPO^  was  capable  of  fixing  2  mol.  HgBO,. 

Fixing  by  means  of  borax  as  recommended  by  Stolba,  was  found  to 
be  possible,  but  extreme  care  to  avoid  loss  by  crepitation  or  ignition  was 
necessary. 

Boric  Acid  in  Waters.  Farm  en  tier  (C  Rend.^  cxiii.  No  i).  The 
waters  were  first  concentrated,  then  acidified  with  HCl  and  evaporated 
to  dryness  at  a  low  temperature.  On  taking  up  with  dilute  HCl,  and 
adding  NH^NO,  containing  a  little  free  ammonia,  the  boric  acid  was 
retained  in  solution,  phosphoric  acid,  alumina  etc.,  being  precipitated. 
The  clear  filtrate  was  divided  exactly  in  halves  and  then  acidulated 
with  HCl  or  H,SO^.  These  were  titrated  with  standard  soda,  using 
helianthine  as  indicator,  in  the  one  case,  and  DeLuynes  litmus  solution 
in  the  other.  The  difference  in  the  results  gave  the  measure  of  the  boric 
acid  present.  With  the  litmus,  the  neutral  point  indicates  the  formation 
of  the  bi -borate. 

Nitrates  by  the  Carbazol  test.  Mason  {Chem.  Neivs^  Ixiv.  p.  97)  has 
experimented  with  this  method  (vid.  Quarterly  x.  379),  and  finds  that 
the  temperature  of  the  solutions  has  a  marked  effect  on  the  development 
of  the  color.     The  method  is  found  to  be  somewhat  disappointing. 

Detection  of  Nitrates  and  Chlorates,  Forbes  {Chem.  News.,  Ixiv, 
165).  When  both  are  present  or  suspected,  mix  the  solution  with 
H,SO^,  insert  a  piece  of  Cu  foil  and  heat  the  test-tube  in  a  boiling  bath  of 
brme.  The  chlorate  decomposes  first,  giving  the  characteristic  CI  fumes. 
At  a  higher  temperature  the  brown  fumes  from  decomposition  of  the 
nitrate  appear. 

If  chlorates  are  absent,  add  HCl  to  some  of  the  solution  to  be  tested, 
drop  in  a  piece  of  Pb  foil,  and  heat.  If  nitrates  present  the  Pb 
dissolves  and  white  PbClj  separates  on  cooling.  I  or  Br  vapors  if  those 
elements  are  present,  may  mask  the  nitrous  fumes,  but  if  HNO,  is  absent 
no  PbCl,  is  formed. 

Examination  of  Gun  Cotton,  etc.,  Essner  {^Abstract  in  Bull.  Soc.  Chim. 
^•'j  376)-  The  nitrogen  may  be  determined  b^  dissolving  the  sample 
in  concentrated  H,SO^,  and  making  the  test  in  a  Lunge  nitrometer,  mea-« 
suring  the  NO  evolved.      For  alkaline  nitrates  and    other  salts,  wash 
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lo  grms.  of  the  sample  repeatedly  with  hot  water  until  the  washings  show 
no  residue.  Evaporate  and  weigh  the  material  washed  out.  Boiling 
with  water  or  too  prolonged  a  contact  with  hot  water  tends  to  cause  the 
formation  of  nitrous  ethers  and  consequent  loss. 

For  moisture  dry  at  a  temperature  not  exceeding  45°  to  50°  C. 

A  portion  of  the  residue  from  washing  should  be  heated  in  a  small 
flask  or  tube  to  65°  C,  and  there  should  be  suspended  over  it  a  paper 
saturated  with  KI  and  starch  solution  containing  10  per  cent  of  glycerine. 
The  rate  at  which  decomposition  ensues  (shown  by  the  action  of  the 
nitrous  fumes  in  setting  free  I),  gives  a  basis  for  judging  as  to  the  degree 
of  nitration  of  the  cotton  mono-  di-  tri-  etc.  For  ash  mix  with  para- 
fine  and  ignite. 

Another  portion  of  the  residue  from  washing  is  treated  with  a  mixture 
of  one  part  absolute  alcohol  with  two  parts  absolute  ether.  Dry  and 
determine  by  loss,  the  amount  of  mono-  di-  tri-  tetra-  and  penta-nitro  cell- 
ulose. Hexanitro  cellulose  and  unnitrated  cellulose  remains.  Deter- 
mine the  latter  by  use  of  Schweitzer's  reagent. 

* 

Determination  of  Ferro-cyanides  in  Prussiate  melt,  and  spent  Lanning 
mixture.  Zaloziecki.  {Fres.  Zts,  Anal  Chem.,  xxx.,  484).  The 
method  depends  upon  the  precipitation  of  double  ferro-cyanide  of  zinc 
and  alkali  from  a  neutral  solution  by  introduction  of  zinc  carbonate  to 
the  hot  solution  and  passing  CO^.  In  the  filtrate  the  amount  of  alkaline 
carbonate  resulting  from  the  reaction,  may  be  titrated  alkali  metrically. 
The  reaction  is :  3  K.FeCy,  -f  4  ZnCO,  =  2  Zn,  FeCy^.  K,  FeCy,  +  4  K, 
COg.  The  mode  of  preparing  the  solution  for  treatment  with  the  zinc 
carbonate,  etc.,  in  each  case  is  described. 

Total  Solids  in  Water,  Hazen  (/.  AnaL  Chem,^  v.,  440)  revives  the 
method  of  determining  solids  on  evaporation,  by  adding  a  measured 
amount  of  Na^CO^  before  evaporating.  A  series  of  results  which  are 
quoted  seem  to  inclicate  that  results  by  this  method  are  more  accurate 
than  when  no  addition  is  made. 

Metallurgy,  by  Joseph  Struthers. 

Refractory  Materials — American  Manufacturer  and  iron  Worlds 
Oct.  2,  1891. — Magnesite  occurs  in  Napa  Co.,  California,  where  it  is 
mined  and  calcined  for  the  market.  The  magnesite  is  hard,  white  and 
flinty,  giving  43  per  cent,  carbonic  acid,  50  per  cent,  magnesia,  7  per 
cent,  silica,  lime,  iron  and  moisture.  It  occurs  in  ledges  from  two  to 
six  feet  in  thickness,  apparently  running  deep  and  extending  upward  of 
half  a  mile  as  marked  by  heavy  surface  crossings.  The  rock  is  blasted 
out  as  in  a  quarry,  broken  to  suitable  size  and  calcined  in  a  continuous 
kiln  having  a  capacity  of  5  tons  per  24  hours.  This  calcined  material 
is  used  at  the  Williamette  Pulp  and  Paper  Co.  in  the  treatment  of  sulphite 
flbre  in  the  manufacture  of  wood  pulp.  It  is  also  used  metallurgically 
in  San  Francisco. 

Iron  Ores — Census  Bulletin  No,  11  j  contains  the  report  of  Mr.  John 
Birkinbine  on  the  iron-ore  industry  of  the  United  States. 
The  production  of  1889,  as  compared  to  1879,  ^^  as  follows  : 
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Iron-ore  produced  (long  tons), 
Valued  at,         ...         . 
Average  per  ton, 


1889. 

1879. 

14,518,041 

133,35  >, 978 
I2.30 

7,120,362 

^23,156.957 

I3.25 

The  four  leading  States  and  their  productions  being  : 


Michigan, 
Alabama, 
Pennsylvania, 
New  York, 

Total, 


Long  Tons. 
5,856,169 

i,57o.3>9 
1,560,234 

1.247,537 


10,234,259 


Number  of  employees  engaged  in  mining  iron  ore,       .         .         37}707 
Wages  received  by  them, ^13,880,108 


Capital  invested.  1889. 

Land, $78,474,881 

Buildings,  etc., 7»673,520  1 

Tools,  etc., 8,045,645  J 

Stock  on  hand, »5,S7V53 

1109,766,199 


1880. 
$48,274,149 

8,657,375 
4,850,763 


Stock  on  hand  beginning  of  census  year,  . 
u      u       <<     end  '*        *'         ** 


$61,782,287 

Tons. 

1,966.284 
2,256,973 


Total  cost  of  mining  iron-ore  per  }ong  ton  for  the  States  producing 
largest  amounts : 


Michigan, 
Alabama, 
Pennsylvania, 
New  York. 


Total  average  for  U.  S.,    . 

Comparison  of  outputs : 

Largest'output  of  any  one  mine  (tons). 
Next  largest  output,  ... 
Eight  mines  produced  each, 


Lai^est  output,  tons,  . 

Next  largest  output,    . 

Two  mines  produced  between, 

Two  mines  produced  between, 

Eleven  mines  produced  between, 

Seventeen  mines  produced  between. 

Thirty-one  mines  produced  between, 


$2  07 

82 

I   10 

I  64 

$1     71 


1880. 

250,000 
200,000 
100,000 


1890. 
809,000 
760,000 

500,000  and  600,000 
300,000  and  400,000 
200,000  and  300,000 
100,000  and  200,000 
50,000  and  100,000 


This  number  (65)  being  the  mines  compared  in  following  table.  The 
largest  producers  are  in  Michigan. 

Comparison  of  outputs  of  individual  mines  of  50,000  tons  production 
each  per  year : 


VOL.  XIII. — 6 


82 


THE  QUARTERLY. 


Number  of  mines,  . 
Ore,  Red  Hematite, 

Magnetite, 

Brown  Hematite, 

Carbonate  ore, 
Total  product  of  mines, 
Percentage  of  total  product,    . 
Value  of  products, 
Percentage  of  total  value, 

Estimated  average  expenditure 
ore  for  mining : 


1889. 

X879. 

.       .          65 
.       .          46 

19 
10 

9 
8 

9 

2 

•  •  • 

10,391,490 

71.58 
$24,340,611 

72.68 

2,197,180 

30.86 

$8,222,640 

35.5» 

in  labor  and  waee^ 

»  per  loner  t 

Alabama, 
Georgia, 
North  Carolina, 
Pennsylvania, 

Lake  Superior, 
Colorado, 
Idaho, 
Montana, 


f  ^ 


Character  of  mine  ore. 
Large  open  workings. 
Soft  ore  and  systematic 

working, 
^  from  Cornweil  ore  hills 

— accessible — soft  ore, 
Hard  ore, 
f  Smaller  output, 
\  High  wage  rale. 


} 


I 


Average  cost  per  ton. 
69-7 1  c. 


75c. 
$1.19 


$2.21-2.48 


Remarks. 
All  States  and  Territories   year  1889, 

"     1880. 

Difference  of  average  cost  accounted  for  chiefly  by  labjor-saving  devices  and  im- 
proved facilities  for  washing  ore. 


Average  cos^ . 

$1  7»- 
$2  21. 


Importation  of  iron  ore  into  United  States,  1889: 

From 

Spain, 

Cuba, 

French  Africa, 

Italy, 
England, 


Tons. 

298,568 

243,25s 

97,583 

87,410 

54496 

Other  sources, 72.261 


853,573 


Total, 

Value,  $1,852,392. 

This  report  also  discusses  the  commercial  value  of  iron  ore,  the  handling 
and  transportation,  and  gives  descriptions  of  docks  sfjecially  constructed 
for  handling  the  I^ke  Superior  ores. 

American  Blast-Furnacjes. —  The  American  Manufacturer  and  Iron 
World  ^OT  October  16,  1891,  gives  an  interesting  tabulation  of  the 
condition  of  blast-furnaces  in  the  United  States,  stating  the  number  of 
furnaces  in  and  out  of  blast  and  their  weekly  capacities. 

The  furnaces  are  classified  according  to  the  fuel  tised,  viz  :  Charcoal, 
anthracite  and  bituminous  coal  or  coke,  and  are  grouped  under 
States  and  districts.  Comparative  monthly  standing  of  the  furnaces  and 
their  capacities  is  given  from  January  i,  1889,  to  October  i,  1891. 

The  condition  of  the  furnaces  October  i,  1891,  was  as  follows: 


In  Blast. 
Fuel.  No.    Weekly  Capacity. 

Charcoal, 59  12,710 

Anthracite,  ....       87  34,594 

Bituminous  coal  or  coke.      .         •     159  I34«5I4 


Out  of  Blast. 
No.    Weekly  Capacity. 

66  4,922 
70  23,435 
92      52,812 


305 


180,818 


228 


86,169 
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English  Blast- Furnaces. — Iron  for  October  16,  1891,  gives  the 
following  list  of  furnaces  in  blast  in  England,  Wales  and  Scotland, 
compiled  from  Ryland's  Iron  Trade  Circular: 

Furnaces  in  blast 
Sept.  y>,  1891. 

England, 185 

**       (Cleveland  district), 90 

Wales, 29 

Scotland, 75 

369  (sic.) 

Pig  Iron,  The  Elimination  of  Sulphur  from. —  The  Lomion  Mining 
Journal  for  October  i,  1891 ,  gives  the  following  abstract  article  on  **The 
Elimination  of  Sulphur  from  Pig  Iron,*'  a  paijcr  read  before  the  Iron 
and  Steel  Institute,  England,  October  7,  1891,  by  the  Secretary,  on 
behalf  of  Herr  J.  Massenez,  of  Horde,  Germany: 

"  The  author,  in  the  course  of  his  paper,  said  that  if  in  the  acid 
and  the  basic  Bessemer  process,  the  molten  pig-iron  was  taken  direct 
to  the  converter  from  the  blast-furnace,  there  was  the  disadvantage 
that  the  running  of  the  individual  blast-furnaces  could  hardly  ever 
be  kept  so  uniform  as  it  was  desirable  should  be  the  case  in  order  to 
secure  regularity  in  the  converter  charges.  In  the  manufacture  of 
Bessemer  steel  the  variable  proportions  of  silicon  and  of  carbon  here  came 
chiefly  under  consideration,  whilst  in  the  basic  process  it  was  chiefly  the 
varying  proportions  of  silicon  and  of  sulphur,  and  in  cases  where  either 
ores  with  variable  percentages  of  phosphorus  or  puddle  slags  were  to  be 
treated,  the  varying  proportion  of  phosphorus  had  also  to  be  considered. 
This  disadvantage  of  the  irregular  composition  of  the  individual  blast 
furnace  charges  was  obviated  in  a  simple  and  effective  manner  by  W.  R. 
Jones'  mixing  process.  In  this,  as  much  pig-iron  from  the  various  blast- 
furnaces of  a  works  as  was  sufficient  for  a  large  number  of  Bessemer 
charges,  say  from  7  to  12  charges,  or  in  other  words  from  70  to  120  tons 
of  pig-iron,  was  placed  in  a  mixing- vessel.  Only  a  portion  of  pig-iron 
placed  in  the  mixer  was  taken  for  further  treatment  for  steel,  whilst  new 
supplies  of  pig-iron  were  brought  from  the  blast-furnace.  In  this  way 
homogeneity  sufficient  for  practical  purposes  was  obtained.  In  the 
treatment  of  phosphoric  pig-iron  which  was  employed  in  the  production 
of  basic  steel,  it  was,  however,  not  sufficient  merely  to  conduct  the 
molten  pig-iron  in  large  quantities  to  the  converter  in  a  mixed  condi- 
tion, but  the  problem  here  was  to  render  the  proportion  of  sulphur  also 
independent  of  the  blast-furnace  process  to  such  an  extent  that  the 
proportion  of  sulphur  in  the  finished  steel  was  so  low  that  the  quality  of 
ihesteel  was  in  no  way  influenced  by  it.  The  question  of  desulphuriza- 
tion  had,  especially  of  late  years,  become  of  the  utmost  importance,  at 
any  rate  for  the  iron  industry  of  the  Continent,  and  in  order  to  effect 
satisfactory  desulphurization,  attention  had  been  bestowed  on  the  fact 
that  iron  sulphide  was  converted  by  manganese  into  manganese  sulphide 
and  iron.  If  sulphuretted  pig-iron,  poor  in  manganese,  was  added  in  a  fluid 
condition  to  manganiferous  molten  pig-iron,  poor  in  sulphur,  the  metal 
was  desulphurized  and  a  manganese-sulphide  slag  was  formed.  It  might 
be  urged  that  it  did  not  seem  necessary  to  effect  the  desulphurization  by 
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means  of  the  reaction  of  the  manganese  and  iron  sulphide  outside  of  the 
blast-furnace,  as  it  was  possible,  by  suitably  directinq;  the  blast-furnace 
process,  by  the  employment  of  manganiferous  ores  of  highly  basic  slag, 
so  to  desulphurize  the  iron  in  the  blast-furnace  itself  that- it  would  be 
unnecessary  further  to  lower  the  percentage  of  sulphur.  Every  blast- 
furnace manager,  however,  would  have  observed  that,  even  with  every 
precaution  in  the  blast-furnace  practice,  pig-iron  would  often  be  obtained 
with  so  high  a  percentage  of  sulphur  as  to  render  it  useless  for  the  Bes- 
semer acid  or  basic  processes.  If  the  desulphurization  in  the  blast- 
furnace was  carried  sufficiently  far,  it  was  always  necessary  to  work  the 
furnace  hot,  and  thus  to  obtain  hotter  iron  than  was  desirable  for  further 
treatment  in  the  converter.  On  the  other  hand,  the  method  of  further 
desulphurization  outside  the  blast-furnace,  described  in  this  paper, 
presented  the  double  advantage  that  part  of  the  blast-furnace  could  be 
kept  cooler,  and  thus  lime  and  coke  were  saved,  and  that  there  was  a 
certainty  that  no  red-short  charges  were  obtained  in  the  treatment  in 
the  converter,  while  the  pig-iron  passed  to  the  converter  at  a  suitable 
temperature.  A  further  advantage  presented  by  the  direct  process  de- 
scribed in  this  paper,  was  that  the  Bessemer  works  are  independent  of 
the  time  at  which  the  individual  blast-furnaces  were  tapped,  as  the  pig 
iron  required  for  the  Bessemer  process  could  be  taken  at  any  moment 
from  the  desulphurizing  plant.  In  Hoerde,  where  the  mixing  and 
desulphurizing  process  had  for  a  considerable  time  been  regularly  in  use, 
it  had  been  found  that  all  the  chief  difficulties  formerly  encountered  in 
the  method  of  taking  the  fluid  pig-iron  direct  from  the  various  blast- 
furnaces to  the  converter  had  been  obviated.  A  numl)er  of  results  ob- 
tained at  the  Hcerde  Works  were  given  by  the  author. 

"Sir  Lowthian  Bell  said  they  had  one  of  the  mixers  at  Barrow,  and  it 
followed,  apparently  without  any  cause,  that  there  were  variations  in  the 
decomposition  of  the  pig-iron  obtained.  He  was  bound  to  say  that 
since  they  had  applied  the  mixer,  of  course  they  had  what  was  really 
called  an  average.  That  was,  the  mixer  contained  about  loo  tons  of  ore, 
lo  running  in  at  one  end  and  lo  out  at  the  other,  so  that  practically 
they  had  an  average  of  very  likely  lo  furnaces  or  more  in  one  converter. 
Since  they  had  taken  to  use  that  instrument  the  defectives  had  fallen 
down  to  something  like  one  half  of  what  they  were  before.  The  expense 
was  little  or  nothing.  With  regard  to  the  disappearance  of  silicon  of 
course  a  certain  amount  did  disappear  in  the  converter.  But  he  thought 
that  was  easily  accounted  for.  Of  course  the  value  of  this  invention  was 
very  great  and  especially  so  in  Germany,  where,  as  he  had  that  week 
been  informed,  nine-tenths  of  all  the  steel  now  made  in  that  country, 
was  made  by  the  Massenez  process.  He  entirely  agreed  with  the  prin- 
ciples laid  down  by  Mr.  Massenez." 

Continuous  Sheets  of  Malleable  Iron  and  Steel. — In  the  Mining 
Journal  of  London  for  October  lo,  1891,  is  presented  an  abstract  from 
the  paper  of  Sir  Henry  Bessemer  on  **The  manufacture  of  continuous 
sheets  of  malleable  iron  and  steel  direct  from  fluid  metal."  The  author 
gives  the  history  of  the  development  of  this  important  process  and  a 
description  of  the  improved  rolls,  which  is  essentially  as  follows:  The 
rolls  may  be  3  or  4  feet  in  diameter,  each  flanged  on  one  end  forming  a 
trough  with  closed  ends  for  the  fluid  metal,  and  are  hollow  and  water 
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cooled.  The  brass  support  of  one  roll  being  fixed  and  of  the  other  mov- 
able in  a  suitable  slide,  the  latter  support  being  pressed  by  an  hydraulic 
ram  which  is  in  free  communication  with  an  accumulator,  so  that  at  any 
time  should  the  feed  of  metal  be  in  excess  the  second  roll  will  move 
and  prevent  any  undue  stress  in  the  machinery.  A  regular  and  quiet 
supply  is  secured  by  means  of  a  small  iron  box  lined  with  plumbago 
or  fireclay  along  the  bottom,  having  ten  or  twenty  small  holes  about  a 
quarter  of  an  inch  in  diameter.  This  reservoir  is  heated  before  use  by 
means  of  a  specially  constructed  stove.  The  ladle,  mounted  on  wheels, 
is  con veyed  over  the  rolls  by  means  of  a  railway,  and  tapped  into  the 
reservoir.  The  quantity  of  metal  flowing  therefrom  to  the  rolls  varies 
but  slightly,  depending  on  the  head  of  metal  in  the  reservoir ;  this  can 
be  easily  regulated  to  advantage.  The  streams  of  molten  metal  do  not 
fall  direct  on  to  the  rolls,  but  into  a  small  pool  formed  between  the  thin 
films  solidifying  against  the  cold  surface  of  the  rolls,  the  metal  at  all 
times  being  free  from  floating  slag. 

The  speed  of  the  rolls  also  affords  a  means  of  regulating  the  quantity 
of  metal  retained  between  them,  and  as  a  pair  of  four-foot  rolls  only 
require  to  make  about  four  revolutions  per  minute,  a  quick  running 
engine  can  easily  be  provided  with  differential  speed  gearing  so  as 
to  instantly  alter  the  speed  of  the  rolls  to  the  very  small  extent  ever  re- 
quired during  the  rolling  process.  The  thin  sheet  of  metal  as  it 
emerges  from  the  underside  of  the  rolls  is  received  between  curved  guide- 
plates,  to  one  of  which  a  cutting  blade  is  bolted.  Beneath  the  other 
guide  plate  a  similar  cutting  blade  is  arranged  to  suddenly  move  forward  by 
a  cam  and  cut  the  thin  sheet  in  two,  the  piece  so  cut  afterwards  passing 
between  the  second  i)air  of  rolls  from  which  it  again  descends  by  gravity 
and  passes  between  the  third  pair  of  rolls  and  is  delivered  to  a  hori- 
zontal table,  or  it  may  be  allowed  to  slide  down  the  inclined  end  of  the 
water  cistern  and  thus  cooled. 

The  thickness  of  the  plates  capable  of  being  produced  depends  on 
size  of  the  rolls.  If  drums  of  10  to  12  feet  diameter  were  used  it  is 
probable  that  plate  J^  inch  thick  could  be  produced,  or  ])erhaps  even 
thicker.  The  centre  space  between  drums  of  such  large  diameter  would 
represent  a  sort  of  plate  ingot  mould  with  nearly  parallel  sides  for 
some  8  to  10  inches  depth. 

In  discussing  the  product,  Sir  Henry  Bessemer  says:  **  In  producing 
sheets  of  metal,  the  initial  thickness  of  which  does  not  exceed  one  tenth 
of  an  inch,  it  might  at  first  sight  appear  that  the  finished  plate  with 
only  two  more  rollings  would  not  get  sufficient  work  done  upon  it  to 
develop  the  same  degree  of  toughness  and  cohesion  that  would  be 
obtained  by  the  many  rollings  which  the  present  system  necessarily 
involves ;  but  a  little  consideration  will  render  apparent  the  entirely 
different  conditions  under  which  the  formation  of  plates  take  place. 
Mild  cast-steel  is  a  crystalline  substance  and  follows  the  inevitable  law 
of  all  crystalline  bodies  in  so  far  as  the  size  of  the  crystals  depend  on 
the  bulk  of  the  mass  and  the  time  allowed  for  their  formation ;  the 
longer  the  time  allowed,  and  the  greater  the  mass,  the  larger  are  the 
crystals  obtained  ;  their  planes  of  cleavage  are  also  more  clearly  defined 
and  are  more  easily  se[)arated  from  each  other,  or,  in  fact,  have  a  less 
amount  of  cohesion.     A  cast  ingot  one   foot  square  quietly  reposing  in 
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a  soaking-pit  or  heating- furnace  may  go  on  crystallizing  for  two  or  three 
hours  and  develop  a  coarse  crystalline  structure,  but,  in  rolling  fluid 
steel  in  the  manner  proposed,  we  have,  in  place  of  the  ten-inch 
ingot,  a  sheet  one  hundredth  of  that  thickness  only,  and  in  lieu  of  the 
two  or  three  hours  allowed  in  the  ordinary  cases  for  the  development  of 
crystals,  we  have,  when  using  a  four-feet  pair  of  rollers,  making  four 
revolutions  per  minute  a  transition  from  absolute  fluidity  to  absolute 
solidity  in  just  one  half  a  second  of  time,  in  a  mass  of  only  one  tenth 
of  an  inch  in  thickness;  and  if  crystals  are  developed  at  any  period 
during  the  half  second  of  time  occupied  in  this  transition  they  must  be 
microscopic  indeed,  and  possess  but  little,  if  any,  of  the  properties  that 
are  developed  in  large  masses  during  hours  of  repose  in  the  soaking-pit; 
hence  it  appears  to  me  highly  probable  that  the  homogeneous  fluid 
metal  will  pass  at  once  into  a  perfectly  homogeneous  uncrystalline 
body,  and  being  subjected  to  fluid,  semi-fluid  and  solid  pressure  in  rapid 
succession  will  develop  the  full  cohesive  force  and  toughness  which  the 
metal  is  susceptible  of.  It  will  be  at  once  perceived  that  in  this  mode 
of  disposing  of  a  ladleful  of  steel  in  the  rolls  we  avoid  the  cost  and  the 
wear  and  tear  of  casting  moulds  and  the  labor  of  their  removal  and 
rearrangement  at  each  casting  operation,  also  the  need  of  soaking-pits 
or  reheating  furnaces  with  their  accompanying  cost  of  labor  and  fuel. 
There  will  also  be  no  loss  arising  from  waste  end  of  piped  ingots,  etc. 
It  will  be  understood  that  thin  sheets  so  produced  will  not  acquire  any 
scale  during  the  single  minute  they  are  exposed  to  the  oxidizing  atmos- 
phere prior  to  their  immersion  in  the  water  tank,  and  in  consequence 
of  there  l^eing  no  overlapping  of  plates  in  rolling  there  will  be  but  little 
loss  of  metal  in  shearing.  With  reference  to  the  speed  of  production 
let  us  assume  the  mill  to  be  fitted  with  a  pair  of  four-feet  diameter  rolls 
1 8  inches  wide,  making  four  revolutions  per  minute  and  set  to  produce 
a  sheet  having  an  initial  thickness  of  one-tenth  of  an  inch  and  rolled 
by  a  third  pair  to  one-twentieth  of  an  inch.  We  should  thus  have  a 
surface  velocity  of  the  first  pair  of  rolls  equal  to  50  feet  per  minute,  and 
making,  when  finished,  100  plates  18  inches  by  12,  one-twentieth  of 
an  inch  thick  and  weighing  300  pounds  or  equal  to  a  production  of  one  ton 
of  plates  in  sesren  and  a  half  minutes.  Hence  it  becomes  a  question  as 
to  which  is  the  least  costly  mode  of  dealing  with  a  ladleful  of  fluid 
steel — forming  it  into  massive  ingots  in  moulds,  or  making  it  into  thin 
sheets  in  the  manner  proposed." 

[Note.— In  the  Engineering  and  Mining  Journal  for  October  24,  1891,  pa^e  473, 
are  cuts  illustrating  rolls  and  reservoir.] 

Iron  and  Steel — the  Effect  of  Low  Temperature. — Iron^ 
Sept.  25,  1891. — Herr  F.  Steiner,  Professor  at  the  German  Technical 
High  School  in  Prague,  communicates  the  results  of  some  interesting 
experiments  which  he  made  with  the  view  of  determining  the  influence 
exercised  on  iron  and  steel  by  a  very  low  temperature.  The  tests 
conducted  on  strips  of  welded  iron,  ingot  iron  and  English  cast  steel. 
Size  of  strips  were  20  centimeters  long,  3  to  5  centimeters  wide,  and  7 
to  10  millimeters  thick  ;  duplicate  strips  of  each  class  being  laid  to  one 
side  for  comparison.     The  stated  qualities  of  these  strips  gave  : 
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""*"•             s^15? 

Extension, 
Per  cent. 

Sectional 

Contraction, 

Percent. 

Welded  iron 

3500 
3600 

6000 

18 
4 

ao 

60 
9 

IniTOt  iron 

Cast-steel * 

Half  of  the  test-pieces  were  experimented. upon  in  an  undamaged 
condition  and  the  other  half  were  notched  with  a  chisel  about  one  mill- 
imeter deep  on  one  side  at  the  middle.  It  was  seen  from  the  result  that 
these  notches  materially  influenced  the  subsequent  behavior  of  the  metals. 

The  pieces  of  iron  and  steel  were  refrigerated  by  means  of  liquid 
carbonic  acid  in  a  bag  of  non-conducting  material.  The  liquid  carbonic 
acid,  when  poured  on  the  strips  was  immediately  solidified  into  a  snow- 
like mass  by  the  evaporation  of  some  of  the  acid,  which  attached  itself  to 
the  test-pieces.  When  a  strip  was  covered  with  the  solid  carbonic  acid 
it  was  left  in  that  condition  for  thirty  minutes  and  then  withdrawn  and 
submitted  to  the  following  test :  The  metal  piece  was  laid  over  a  mould 
having  a  depression  in  the  centre  ;  a  piece  of  bar  iron  was  laid  diago- 
nally across  the  test-piece  to  receive  and  convey  to  the  test-piece  the 
very  light  blows  of  a  small  teel  hammer. 

The  most  important  results  obtained  were  as  follows  :  ( i ).  The  three 
classes  of  iron  after  being  powerfully  refrigerated  and  then  gradually 
allowed  to  regain  their  normal  temperature  showed  no  appreciable 
alteration  in  the  bending  tests.  (2).  Undamaged  welded  iron  in  the 
refrigerated  state  was  bent  to  an  angle  of  180°  without  breaking  ;  the 
notched  piece  could  not  be  bent  further  ;  the  broken  surface,  fibrous  in 
the  un refrigerated  condition,  presented  a  granular  appearance  in  the 
refrigerated  slate.  (3).  Soft  undamaged  ingot  ir:n,  and  also  the  steel 
after  undergoing  a  slight  bending  on  receiving  the  third  weak  blow  of 
the  hammer  sprang  asunder  with  a  crackling  noise  as  of  gla.ss.  The 
notched  or  damaged  pieces  of  these  two  sorts  burst  in  the  same 
manner  at  the  first  light  blow  without  submitting  to  the  bending  test. 
The  broken  surfaces  of  the  refrigerated  pieces  showed  a  grained  forma- 
tion, in  the  case  of  steel  almost  coarse-grained. 

These  trials  clearly  demonstrate  the  prejudicial  effects  of  a  great  degree 
of  cold  upon  those  building  materials,  and  the  following  conclusions 
are  to  be  drawn  ;  namely,  that  ingot  iron  bridges  should  be  crossed  but 
slowly  when  abnormally  low  temperatures  prevail,  and  that  every  care 
should  be  taken  in  building  to  avoid  external  fractures  of  the  ingot  iron 
constructional  parts  of  a  bridge. 

Copper  Smelting. — '*  The  Basic  Process  as  applied  to  Copper  Smelt- 
ing," Percy  D.  Gilchrist,  A,K,S,M.—yitmma/  of  the  Society  of  Chemical 
Industry y  January  31,  1891. — In  the  case  of  steel  manufacture,  the  result 
arrived  at  in  substituting  a  basic  lining  for  an  acid  was  well  defined, 
viz  :  the  removal  of  phosphorus,  a  problem  incapable  of  solution  in  acid- 
lined  furnaces  owing  to  the  acid  nature  of  the  slags  necessarily  formed 
with  such  linings,  but  which  was  readily  accomplished  as  soon  as  the 
presence  of  a  basic  lining  in  the  furnaces  allowed  of  a  basic  slag  being 
formed  and  maintained.     No  such  direct  improvement,  however,  was 
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to  be  looked  for  in  the  case  of  copper  smelting  as  the  only  deleterious 
element  occurring  with  any  frequency  in  crude  copper,  viz.,  arsenic,  can 
be  very  perfectly  eliminated  in  the  acid  lining  at  present  made  use  of. 
A  careful  study  of  the  conip>osition  of  copper  roaster  and  refinery  slags 
reveals  the  fact  that,  unlike  steel  slags  from  acid  practice,  the  copper 
slags  formed  during  the  removal  of  the  arsenic,  are  basic  and  not  acid  in 
character,  the  basicity  being  chiefly  due  to  the  presence  of  copper  oxide 
in  quantity  more  than  sufficient  to  neutralize  the* silica,  which  latter  in 
the  roaster  and  refining  furnaces,  originates  almost  wholly  from  the 
sand  or  clay  used  to  form  the  furnace-bath.  Lime  or  lime  and  soda- 
ash  are  used  very  generally  in  the  ordinary  sand-lined  refinery,  but  the 
quantity  which  can  be  added  without  detriment  to  the  lining  is  not 
large  and  does  not  compensate  for  the  large  amount  of  silicious  material 
which  is  dissolved  away  from  the  sides  of  the  furnace.  It  was,  therefore, 
rather  in  the  direction  of  lessened  oxidition  and  consequent  increased 
yield  that  the  author  expected  improved  results  by  the  use  of  basic  linings 
and  more  calcareous  slags  in  copper-smelting. 

In  May,  1889,  a  trial  was  made  of  a  basic  lining  in  a  roaster  furnace 
and  the  lining  is  still  in  perfect  condition.  The  results  were  so  satis- 
factory that  at  the  present  time  the  company  at  whose  works  the  trial 
was  made  have  nine  roaster  furnaces  with  basic  lining  at  work  treating 
arsenical  **  metallic  bottoms,*'  and  white  metal. 

Description  of  the  Roaster  Furnaces, — These  furnaces  have  a  cast-iron 
bottom  plate,  air  cooled,  by  means  of  which  the  possibility  of  any  fusion 
action  taking  place  between  the  basic  hearth  and  its  support  is  prevented, 
which  would  be  the  case  were  the  basic  hearth  built  directly  on  the 
ordinary  silica  arch;  The  basic-  material  is  ground  and  mixed  with  tar 
in  the  usual  way,  and  the  furnace  bottom  is  formed  by  throwing  this 
material  into  the  hot  furnace  and  burning  it  on  in  layers,  beating  down 
each  separate  layer  and  giving  it  fire  for  several  hours  before  applying 
the  next.  It  usually  takes  four  or  five  days  to  burn  on  a  bottom  in  this 
way.  When  the  bottom  is  properly  shaped  it  is  seasoned  by  melting  on 
it  some  rich  copper  precipitate  or  good  blister  copper.  The  tap-hole 
of  the  furnace  is  shut  by  throwing  some  basic  material  against  it  from 
the  inside. 

The  working  of  the  furnace  is  conducted  the  same  as  the  acid  furnace, 
any  repairs  to  the  banks  being  made  by  throwing  some  basic  material 
against  the  place.  The  repairs  are  very  slight  as  compared  to  an  acid 
furnace,  the  tendency  being  for  the  furnace  banks  to  grow  rather  than 
to  cut  away. 

It  is  in  the  conversion  of  these  metallic  bottoms  into  blister  copper 
of  less  than  i  per  cent,  of  arsenic  that  the  basic  furnaces  have  shown 
themselves  to  the  greatest  advantage. 

The  result  from  trials  of  400  tons  metallic  bottom  roasted  in  basic 
and  sand-lined  furnaces  show  that,  assuming  the  copper  in  the  metallic 
bottoms  to  be  84.5  per  cent,  and  the  copper  in  blister  to  be  98.5  per 
cent.,  there  was  obtained  in  the  form  of  blister  copper  94  per  cent,  of 
the  copper  contents  of  the  bottoms  when  the  basic  furnace  was  used, 
against  56  per  cent,  from  the  acid  furnaces,  showing  a  gain  of  38  per 
cent,  in  favor  of  the  basic  furnace.  The  copper  in  the  slag  works  out  to 
be  25  tons  14  cwt.  in  the  case  of  the  basic  as  compired  to  121  tons  19 
cwt.   from    the   acid  furnace.      As  these  figures   are  calculated   from 
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averages  they  are  not  absolutely  correct,  but  they  approximate  the  true 
result  very  closely. 

A  working  charge  of  metallic  bottoms  in  a  basic  lined  furnace  gave 
the  following  result :  On  7  tons  metallic  bottoms  of  87.4  per  cent, 
copper  and  4.6  percent,  arsenic,  time  of  treatment  19  hours,  45  minutes, 
results : 

Blister  copper  tapped,      .... 

Slag,         ...... 

Lime,       ...... 

Fettling,  12  per  cent,  tar  (60  per  cent,  of 
this  used  for  the  tap-bole), 


Tons. 

Cwt. 

Lbs. 

6 

19 

6 

I 

7 

20 

0 

6 

20 

Furnace  charged  3  P.M. 
Slag. 


Time  withdrawn. 


I 10  P.M. 

2 11.20  P.M. 

3  •         .         •         .         .       5'3     A.M. 

Sample  of  blister  gave  at  this  time.     . 

4 10.15  ^*^' 

Sample  of  blister  gave,       .... 
5 10.45  ^'^ 

Lime  was  added  to  the  furnace  at  7  A.M.,  and  10.15  A.M. 


3i 


Amount  of  Charon 
Tons.  Cwt.  lbs. 

I      6 

1  O 

2  8 


142  per  cent..  As 
1.39  per  cent.,  As 


9 
3 

7 


2  16 
I     8 


Analyses  of  Slag  Skimmings. 


Silica 

I. 

1 

a. 

3. 

6.30 

17.57 

3.45 
8.50 

23.30 
20.80 

7.16 

1 

1     ♦• 

1 

5. 

18.62 
19.20 

735 

".25 
8.76 

11.70 

24.00 

5.70 
14.80 

2.42 

Trace. 

30.12 

23.07 

12.44 

88.55 

6.73 

23.38 
2.16 
1.50 

19.10 

35.55 
2.20 

1        6.76 

20.16 

2.06 

Trace. 

27.74 

31.30 

2.20 

Lime 

Ferrous  oxide 

Cuprous  sulphide 

Cuprous  oxide » 

Arsenic  acid 

Lead  oxide 

90.88 

86.98 

90.62 



90.22 

In  addition  to  the  largely- increased  yield  of  blister  obtained  when 
the  basic  lining  is  used  there  is  the  advantage  of  less  repairs  being 
necessary.  The  corrosion  causes  repairs  to  be  made  in  the  acid-lined 
furnaces  every  three  or  four  days,  and  it  is  partly  owing  to  this  fact  that 
the  production  of  these  metallic  bottoms  has  nearly  ceased  in  England, 
the  other  firms  preferring  to  convert  the  precipitated  copper  into  sul- 
phide in  the  smelting-furnace,  a  better  way  when  no  basic-lined  furnace 
is  available.  It  would  be  far  more  economical,  in  the  author's  opinion, 
to  form  these  bottoms  and  treat  them  subsequently  in  a  basic  lined  fur- 
nace, especially  since  the  metal  tapped  from  the  smelting-furnace  with 
the  bottoms  is  far  lower  in  arsenic  and  other  impurities  than  when  no 
copper  bottoms  are  allowed  to  form. 
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Comparative  experimental  charges  were  made  of  white  metal  in  both 
acid  and  basic  furnaces,  the  results  showing  that  there  was  less  slag 
produced  in  the  basic  furnace  and  that  this  slag  contained  a  lower 
percentage  of  copper  than  the  slag  from  the  acid  furnace.  The  lessened 
amount  of  oxidation  in  the  basic  furnace  resulted  in  a  gain  of  26  per 
cent,  blistered  copper  per  hundred  pounds  of  actual  copper  charged. 
Two  other  trials  gave  13  percent,  and  30  per  cent.' gain. 

It  should  be  stated  that,  owing  to  the  arsenic  remaining  in  the  bath 
when  the  blister  arrives  at  blister- pitch,  the  copper  cannot  at  once  be 
tapped,  as  is  usually  the  case  when  low  arsenical  material  is  worked,  but  has 
to  remain  in  the  furnace  until  a  test  show£  less  than  one  per  cent,  of 
arsenic.  With  ten-ton  charges  in  acid-lined  furnaces  this  takes  on  an 
average  nine  hours  after  the  bath  has  become  blister.  In  the  basic-lined 
furnaces  the  time  is  reduced  to  about  six  hours. 

Samples  taken  from  the  baths  of  an  acid  and  basic  roaster-furnace, 
just  as  they  became  blister  copper,  gave  the  following  arsenic  contents  : 

Baltic.  Acid. 

Amount  in  pimple  metal  charged,  .                                   .2.16  1.71 

"      "  bath  at  blister  pitch, 2.22  3.13 

**       "  copper  tapped, 0.78  0.90 

Hours  in  furnace  after  becoming  blister,          .         .         .     6^  .10 

Average  analysis  of  six  white  metal  charges  worked  in  acid  and  basic 
furnace : 

Basic  Acid 

Furnace.  Furnace. 

Per  cent.  Per  cent. 

Copper, 75.56  76.10 

Iron, 1.54  1.30 

Lead, 1.25  1.20 

Arsenic, 47  .51 

Sulphur, 17.44  17.80 

Oxygen  loss,  etc., 1.90  1.57 

Nickel  and  Cobalt, 25  .18 

Phosphorus, trace.  trace. 

Silica, 50  .35 

Alumina. 50  .38 

Lime, 42  .45 

Magnesia 17  .16 


100.00  100.00 
Note. — Tin  and  Silver  not  determined. 

Average  analysis  of  blister  copper,  tapped  from  acid  and  basic  furnace  : 

Basic  Acid 

Furnace.  Furnace. 

Per  cent.  Per  cent. 

Copper, 97.78  78.27 

Tin, 039  none. 

Silver,    .        .        .        .        • 024  .033 

Iron, 026  .019 

Bismuth, '   .         .033  .035 

Lead, 008  .013 

Arsenic, 596  .580 

Antimony, 047  .028 

Sulphur, 032  .012 

Oxygen  and  loss,  etc., 1.4 15  1.005 


100.000 


100.000 
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Regarding  the  removal  of  antimony  in  the  |>asic  roaster-furnace,  trials 
proved  that  in  treating  a  considerable  amount  of  arsenical  material,  87 
per  cent,  of  the  antimony  was  simultaneously  removed  with  84  per  cent, 
of  the  arsenic  contained  in  the  charge. 

To  ascertain  whether  there  b  any  material  chemical  difference  between 
the  refined  copper  from  blister  copper  treated  in  the  basic-  and  acid-fur- 
naces, charges  of  blister  from  basic  and  acid  roasters  were  refined  in  the 
ordinary  sand-lined  refinery.  Analysis  showed  that  there  was  no  prac- 
tical difference. 

TAr  Basic  Lintng  Applied  to  Copper  Refining, — The  margin  for 
improvements  in  the  case  of  the  refinery-furnace,  when  used  to  produce 
ordinary  tough  cake  is  far  less  than  in  the  case  of  the  roaster-furnace  pro- 
cess ;  it  is,  therefore,  still  a  little  uncertain  whether  the  extra  cost  of  the  ini- 
tial basic  lining  and  current  repairs  are  compensated  for  by  the  slightly 
increased  yield.  When,  however,  it  is  a  question,  not  of  making  ordi- 
nary tough  cake,  but  of  producing  best  selected  copper  from  ordinary 
arsenical  blister  (containing  about  one  per  cent,  of  arsenic)  there  is,  in 
the  author's  opinion,  a  very  great  saving  in  waste  effected  by  the  use  of 
a  basic  lining  in  the  refining-furnace.  The  basic  refinery  has  so  far 
been  used  chiefly  for  the  production  of  best  selected  copper  from  B.  S. 
precipitate  only,  or  from  pure  blister  containing  0.2  to  0.3  per  cent,  of 
arsenic,  but  some  charges  have  recently  been  made  from  blister  contain- 
ing I  per  cent,  arsenic  which  have  been  worked  down  into  B.  S.  ingots 
with  very  good  results  as  regards  yield,  but,  as  might  naturally  be 
expected,  longer  time  is  required. 

As  an  example  of  making  ordinary  tough  cake  from  purely  arsenical 
blister  in  the  basic  refinery  the  following  results  are  given : 

Weight  of  blister  charged  was  15  tons,  Qcwt.,  3grs. 

Composition.  Per  cent. 

Copper, 98.150 

Arsenic, 770 

Antimony, •       .         .067 

Iron, 078 

Nickel, 029 

Sulphnr, 005 

Phosphorus, trace. 

Bismuth, 025 

Lead, .011 

Silver, 008 

99-143 

The  tough  cake  ladled  contained : 

Copper, 98.870 

Arsenic, .710 

Antimony, .075 

Iron,    . .059 

Nickel, .026 

Sulphur,        .        .         .         . .004 

Phosphorus, trace. 

Bismuth, .027 

Lead, .023 

Silver, .009 

99.803 
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Weight  of  slag  produced,  iton,  5  cwts.,  3  qrs. 

Sample  dried  at  2ia^  F. 
Copper,  . 
Oxygen, 
Oxide  of  lead, 
Oxide  of  bismuth, 
Arsenic  acid, . 
Oxide  of  antimony, 
Silica,     . 
Peroxide  of  iron, 
Alumina, 

Oxide  of  manganese, 
Oxide  of  nickel. 
Lime,     .        .     . 
Magnesia, 
Sulphuric  acid, 
Phosphoric  acid. 


per  cent. 

38.15 
4.80 

1.94  = 

.04 
2.60  = 

.22- 

29.84 

3.21 

2.03 

"5 

.22 

12.69 

3.00 

.17 

trace. 
99.06 


1.80  Pb. 

1.70  As. 
.17  Sb 


Total  amount  of  copper  which  passed  into  slag  was  calculated  in  this 
case  to  be  9.8  cwt.,  or,  per  hundred  points  real  copper  charged,  3.2  parts 
passed  into  the  slag.  A  similar  charge  in  an  acid-lined  furnace  gave,  per 
hundred  parts  copper  charged,  5.1  parts  of  copper  in  the  slag. 

As  an  example  of  making  B.  S.  ingots  from  blister  copper  rather  high 
in  arsenic.     The  following  results  are  given : 


Blister  charged, 
B.  S.  ingots  ladeled. 
Scraps  and  moulds, 
Slag  drawn. 


Tons. 

cwt. 

qrs. 

lbs. 

9 

3 

0 

21 

7 

12 

I 

21 

I 

7 

I 

17 

3 

3 

0 

8 

Composition  of  the  blister-copper. 

Copper 97.77 

Iron, 0.04 

Arsenic, 1.52 

Antimony, 0.02 


0.02 


Tin, 

Lead, 0.01 

Zinc, 0.02 

Bismuth, 0.06 

Sand, 0.21 

Sulphur, 0.07 


Composition  of  the  B.  S.  ingots  produced  : 


99.74 


Copper, •        ,        .         .  99.8 

Iron,       ...........         trace. 

Nickel, *' 

Zinc, 

Lead,     .         . 

Bismuth, 

Antimony, 

Tin,        .        % 

Arsenic. 


0.02 

trace. 

0.05 


Trace  meaning  less  than  o.oi  per  cent. 


99.96 
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Average  composition  of  the  slags  : 

Per  cent. 

Suboxide  of  copper, 33.22 

Oxide  of  copper, 6.12 

Lime, 16.32 

Soda, '    .         .        .  4.77 

Magnesia, 5.81 

Oxide  of  manganese 0.14 

Protoxide  of  iron, 4.05 

Aluminina, 6.97 

Oxide  of  zinc, trace. 

Oxide  of  bismuth, 0.10 

Oxide  of  lead, .  trace. 

Oxide  of  tin, 0.02 

Oxide  of  antimony, 0.05 

Silica, 16.85 

Phosphoric  acid, 0.53 

Sulphur, o  19 

Carbonic  acid, 1.56 

Arsenic, 2.47 

Oxygen,  etc.,  by  difference,       , 0.83 

100.00 
Copper, 34.67 

The  calculation  of  the  percentage  of  real  copper  charged  which 
passed  into  the  slag  gave  12  per  cent.  This  high  percentage  being  due 
to  the  large  amount  of  arsenic  in  the  charge  which  had  to  be  removed. 

From  these  results  given  (which  were  corroborated  by  a  vast  number 
of  others  that  space  did  not  permit  of  detailed  publication)  there  is  no 
question  as  to  increased  yield  resulting  from  lessened  oxidation  when 
the  basic  lining  is  used.  The  acid  lining  will  permit  of  the  removal  of 
impurities,  but  the  waste  is  much  greater.  Other  tests  were  made  in 
basic-  and  acid-lined  furnaces,  starting  with  crude  metallic  bottoms  con- 
verting them  into  blister  and  refining  them  in  both  acid  and  basic  furnaces. 
The  results  showed  that  the  elimination  of  antimony  and  bismuth  was 
more  completely  effected  in  the  acid  than  in  the  basic-furnaces  ;  this  is 
doubtless  due  to  the  thin  cupriferous  slag  in  the  acid-furnace  permitting 
the  easier  oxidation  than  the  thick  calcareous  slags  in  the  basic-furnace. 
The  results  also  showed  that  the  percentage  of  actual  copper  slagged 
off  was  1 1.6  in  the  case  of  the  basic-furnace  against  34.2  in  the  acid. 

Summing  up  the  results  so  far  obtained  in  basic  copper-smelting,  show  : 

1.  That  it  is  of  most  use  in  the  treatment  of  highly  arsenical  material 
tapped  from  the  smelting-furnaces.  Such  material  being  produced  from 
the  poorer  arsenical  precipitates  generally  gives  a  very  high  loss  of  copper 
in  the  slags  and  necessitates  extra  labor  and  expense  to  re- work. 

2.  That  it  is  also  well  adapted  to  the  refining  of  blister-copper  rather 
higher  in  arsenic  (say  from  i  to  1.5  percent,  or  higher)  for  the  purpose 
of  making  B.  S.  ingots. 
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Anleitung  zur  Darstellung  Chemischer  Praeparate.  Von  Dr.  Elugo  Erd- 
inann,  Privatdoccnt  an  der  Universit&t  Halle.  Frankfurt  a.  M.,  189 1.  pp.  viii. 
and  71. 

In  the  study  of  chemistry  it  is  evident  that  the  student  should  have 
practice  in  the  preparation  of  chemical  compounds.  In  organic  labora- 
tories this  principle  is  recognized,  and  a  large  part  of  the  student's  time 
is  therefore  devoted  to  making  a  variety  of  known  organic  compounds 
by  characteristic  reactions,  obtaining  them  in  a  state  of  purity  and 
observing  their  physical  and  chemical  properties.  The  books  of  Levy, 
Fischer  and  others  are  designed  to  aid  the  student  in  this  kind  of  work. 
But  when  we  attempt  to  apply  the  principle  to  the  inorganic  laboratory 
we  have  had  till  now  no  single  book  to  which  the  student  could  turn 
for  assistance. 

The  above  title  is  that  of  a  book  which  is  intended  to  fill  this  place. 
The  author  has  collected  complete  but  concise  methods  for  preparing, 
in  a  pure  state,  upwards  of  eighty  inorganic  compounds,  arranged  in  a 
progressive  manner  and  with  a  partial  view  to  working  up  some  of  the 
worthless  residues  of  the  laboratory.  The  reasons  for  each  step  in  the 
preparations  are  given,  explained  by  equations  when  necessary,  and 
tests  are  mentioned  by  which  the  purity  of  the  products  may  be  checked. 

Among  the  preparations  described  are  sodium  chloride,  sodium 
nitrite,  potassium  chlorate,  cadmium  carbonate,  anhydrous  magne- 
sium chloride,  anhydrous  ferrous  and  ferric  chlorides,  strontium  hydrox- 
ide, barium  oxide  and  peroxide,  pure  nitric  acid,  iodine  i^entoxide, 
perchloric  acid,  crystallized  silicium,  boron,  selenium,  metallic  man- 
ganese, zinc  free  from  arsenic,  etc.  An  appendix  of  five  pages  is  devoted 
to  the  description  of  some  laboratory  accessories  and  to  the  preparation, 
washing,  and  application  of  gaseous  reagents. 

It  cannot  be  denied  that  practice  in  making  such  chemical  com- 
]X)unds  as  these  ought  to  be  a  part  of  the  education  of  every  student  of 
chemistry.  Although  intended  for  the  laboratory  student,  this  little 
book  may  be  used  with  profit  by  chemists  of  experience.       C.   E.  C. 


Laboratory  Practice.  A  Series  of  Experiments  on  the  Fundamenul  Principles 
of  Chemistry.  By  Josiah  Pai-sons  Cooke,  LL.D.,  Harvard  University.  D.  Appleton 
&  Company,  N.  Y.  1891.  192  pages.  8vo.  Good  print,  generously  spaced,  not 
illustrated. 

Chapter  I.  is  devoted  to  the  study  of  the  distinguishing  proi)erties  of 
water,  air  (as  an  example  of  aeriform  matter)  oxygen,  hydrogen,  sulphur, 
chlorine,  carbon^  nitrogen,  magnesium,  zinc,  sodium,  copper  and  iron. 

Chapter  II.  discusses  the  general  principles  of  chemistry  included 
under  chemical  and  physical  mixture  and  solution  ;  laws  of  definite 
proportions  by  weight  and  by  volume ;  compounds  and  elements ;  and 
analysis,  both  qualitative  and  quantitative. 

Chapter  III.  gives  the  theory  of  molecules ;  physical  and  chemical 
methods  of  determining  molecular  weights  ;  conception  of  atoms  and 
determination  of  atomic  weights. 
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Chapter  IV.  is  devoted  to  chemical  symbols  and  reactions ;  stoichio- 
metry  and  chemical  nomenclature. 

Chapter  V.  discusses  the  subject  of  molecular  structure,  giving  exper- 
iments on  determining  quantivalence. 

Chapter  VI.  treats  of  thermo-chemistry,  giving  experiments  on  the 
heat  of  hydration  \  solution  ;  neutralization  ;  chemical  action ;  preci- 
pitation and  crystallization. 

The  idea  of  the  author  in  preparing  this  work  was  to  provide  a 
chemistry  which,  with  the  aid  of  a  teacher,  would  afford  to  students 
a  better  course  of  instruction,  particularly  iii  experimentation,  than  is 
generally  given  i^  the  elementary  text-books  and  if  the  text  be  con- 
scientiously adhered  to  the  student  cannot  fail  to  have  his  ideas  on 
chemical  investigation  clear  and  at  the  same  time  have  acquired  skill  in 
drawing  deductions  from  experiments  given. 

This  work  being  a  companion  volume  to  TTu  New  Chemistry^  many 
references  are  made  thereto ;  sufficient  material  is  given  however  to 
cover  the  subjects  discussed. 

Throughout  the  work  the  author  presents  in  detail  the  various  experi- 
ments usually  performed,  emphasizing  the  salient  points  by  means  of 
well  selected  questions  requiring  the  student  to  study  the  reactions 
involved,  and  make  the  resultant  deductions  himself — a  highly  com- 
mendable advance  in  the  method  of  teaching  adopted  by  the  majority 
of  text- books. 

Although  the  directions  given  for  the  setting  up  of  apparatus  for  the 
various  experiments  are  sufficiently  clear  for  any  intelligent  mind  to 
grasp,  the  selection  of  a  few  illustrations  would  make  the  work  more 
acceptable,  particularly  to  those  who  wish  to  profit  by  it  and  are  unable 
to  pursue  the  course  under  the  guidance  of  a  teacher.  J.  S. 

Experiments  for  Students  in  General  Chemistry.  By  Edgar  F.  Smith, 
Professor  of  Chemistiy,  University  of  Pennsylvania,  Philadelphia,  and  Harry  F. 
Keller,  Professor  of  Chemistry,  Michigan  Mining  School,  Houghton.  Second 
Edition,  enlarged.  With  37  illustrations.  Philadelphia:  P.  Blakiston,  Son  &  Co., 
1012  Walnut  St,     1 891.    8vo.     56  pp.     Interleaved. 

Every  teacher  of  chemistry  who  has  an  enthusiasm  in  his  work, 
usually  finds  that  none  of  the  numerous  available  works  on  the  subject 
give  just  what  he  wishes,  and  sooner  or  later  he  conceives  the  desire, 
whether  he  carries  it  into  execution  or  not,  of  putting  in  print  his  own 
plan  of  instruction.  Such  a  proceeding  is  often  necessary,  when  many 
students  receive  instruction  under  the  direction  of  one  teacher. 

The  book  before  us  appears  to  be  of  that  kind.  It  is  based  chiefly 
uj)on  Richter's  Inorganic  Chetnistryy  to  which  references  are  made 
throughout.  It  is  not  intended  for  those  who  may  wish  to  study  with- 
out a  teacher,  much  being  left  for  the  instructor  to  explain.  The  main 
object  is  to  aid  the  instructor  by  suggesting  experiments  and  the  meth- 
ods of  making  them,  which  will  serve  to  illustrate  the  general  principles 
of  chemistry  without  the  use  of  elaborate  apparatus.  In  this  way  the 
principles  of  wet  analysis  (including  volumetric)  Stoichiometry,  Eudio- 
metry.  Specific  Heat  measurements,  etc.,  are  presented  to  the  student. 

The  introduction  of  what  may  be  called  the  "quantitative  idea  "  from 
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the  very  start  is  a  feature  of  the  book  which  is  absent  from  many  works 
intended  to  cover  the  same  ground.  Quantity,  weight  and  volume  have 
such  an  important  place  in  the  study  of  chemical  relations  that  it  almost 
seems  strange  that  in  so  many  text-books  of  the  kind,  the  attention  of 
the  student  is  almost  exclusively  directed  to  phenomena  only,  leaving 
the  mathematical  relations  for  subsequent  work.  Professor  Ramsay's 
Experimental  Proof  of  Chemical  Theory  was  almost  the  first  in  which 
that  method  of  teaching  the  subject  was  brought  out,  and  the  enthusi- 
asm with  which  it  was  received  as  an  adjunct  by  scores  of  teachers,  was 
sufficient  proof  of  the  value  of  the  "  quantitative  idea  "  in  instruction  in 
general  chemistry.  , 

The  order  in  which  the  elements  are  considered,  is  the  same  as  that 
given  by  Richter,  which  differs  from  that  followed  in  analytical  work. 
After  the  metalloids,  in  which  arsenic  and  antimony  are  treated  in  the 
group  with  phosphorus  and  nitrogen,  follow  the  alkali  metals,  and 
between  the  alkaline  earth  metals  and  the  iron  group  (which  is  put  last) 
are  sandwiched  the  metals  of  the  hydrogen -sulphide  group.  Argu- 
ments as  to  the  advantages  and  disadvantages  of  this  arrangement 
might  be  adduced,  but  will  not  here  be  discussed. 

At  the  end  of  the  book  a  single  page  marked  **  Appendix,"  gives  a 
few  comparisons  of  the  metric  units  of  length,  capacity  and  weight, 
with  those  to  which  Americans  are  more  accustomed,  and  a  table  of 
atomic  weights.  In  the  latter,  decimals  are  avoided  so  far  as  possible, 
which  makes  them  sufficiently  clbse  for  such  calculations  as  are  required 
in  the  text. 

The  pen  iind  ink  illustrations  (which  are  numerous)  are  small,  but 
illustrate  very  clearly  the  method  of  working  which  is  recommended  in 
each  case,  which  is  more  than  can  be  said  sometimes  for  more  elaborate 
illustrations  in  books  of  a  similar  character. 
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THE  Valuation  of  fuel-gas. 

By  E,  Q.  LOVR 

SoM£  years  ago  it  was  confidently  asserted  in  certain  quarters 
that  as  the  rush-light  had  been  replaced  by  gas,  so  the  gas  in  its 
turn  would  be  superseded  by  a  more  perfect  illuminant,  and  con- 
signed to  the  useful  but  less  important  sphere  of  heating. 

The  probability  of  such  a  change  will  depend  more  upon  the 
degree  of  perfection  to  which  competing  illuminants  can  be 
brought,  than  upon  the  fact  that  gas  manufacturers  can  be  depended 
upon  to  occupy  the  new  field  assigned  them ;  while  the  increasing 
consumption  of  gas  for  illuminating  purposes  can  hardly  be  taken 
as  an  indication  of  the  immediate  fulfillment  of  the  prophecy. 

It  is  not  our  present  purpose,  however,  to  enter  into  any  defence 
of  one  illuminant  against  another,  but  rather  to  consider  some  of 
the  conditions  which  a  fuel-gas  should  fulfill,  and  to  what  extent 
these  conditions  are  met  in  existing  gas  supplies. 

The  increasing  demand  for  a  gaseous  fuel  opens  a  very  promis- 
ing field  for  the  enterprise  of  the  gas  engineer  ;  and  when  we  con- 
sider the  possibilities  of  the  future  it  must  be  admitted  that  this 
branch  of  the  gas  industry  is  still  in  its  infancy. 

The  promoters  of  the  various  schemes  for  the  manufacture  and 
distribution  of  fuel-gas  have  directed  their  attention  more  to  the 
production  of  a  gas  which  can  be  sold  at  a  very  moderate  price, 
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while  in  many  cases  at  least  they  have  overlooked  the  fact  that  the 
product  they  propose  to  sell  must  be  judged  primarily  by  its 
efficiency  as  a  heating  agent. 

The  average  consumer  has  no  knowledge  of  the  character  of  the 
gas  he  buys,  and  he  will  seldom  trouble  himself  to  find  out.  If 
two  gases  are  offered  him  he  naturally  takes  the  cheaper,  and  it 
often  happens  that  he  gets  less  for  his  money  than  though  he  had 
taken  the  one  costing  him  more  in  dollars  and  cents.  What  is 
true  of  gas  as  an  illuminant  will  be  equally  true  of  gas  as  a  fuel.  In 
the  former  case  it  is  fair  to  assume  that  the  consumer  employs  the 
proper  appliances  for  burning  the  gas,  and  it  follows  that  that  gas 
is  most  economical  that  gives  the  greatest  number  of  candles  for  a 
given  cost.  The  same  is  true  of  gas  as  a  heating  agent.  A  fuel- 
gas  at  25  cents  per  thousand  feet  is  no  cheaper  than  another 
having  four  times  its  calorific  power  at  $1  pe^  thousand;  and 
yet  very  many  consumers  will  take  the  first  as  a  much  better 
bargain. 

It  is  not  customary  to  sell  illuminating  gas  per  candle-power- 
foot,  and  yet  such  a  course  would  be  in  thorough  keeping  with 
commercial  practice  in  other  matters.  The  most  that  has  been 
attempted  in  this  direction  is  to  fix  by  contract,  franchise,  or  legis- 
lative enactment  some  minimum  limit  of  illuminating  power.  In 
the  same  way  it  would  be  more  equitable  to  sell  fuel-gas  at  a  price 
depending  upon  the  calorific  power  it  possessed. 

It  is  of  the  first  importance  that  any  fuel-gas  intended  for  general 
distribution  should  have  a  decided  odor,  in  order  that  its  admix- 
ture with  the  air  may  be  readily  detected.  Experience  has  shown 
the  wisdom  of  this  requirement.  Beyond  this  its  valuation  should 
be  arrived  at  on  the  same  basis  as  in  the  case  of  an  illuminating 
gas,  that  is  the  number  of  heat-units  which  can  be  obtained  for  a 
given  cost. ' 

Efforts  have  been  made  to  introduce  as  fuels  various  gaseous 
product^,  having  little  if  any  illuminating  power,  and  distributed  by 
a  special  system  of  mains;  but  up  to  the  present  time  results  in 
this  direction  have  not  been  encouraging.  The  gas  has  generally 
been  odorless ;  and  although  supplied  at  a  reasonable  price  its 
heating  power  has  been  low  when  compared  with  that  of  the 
illuminating  gases.  Aside  from  this  has  been  the  question  of  the 
desirability  of  duplicating  gas  mains  in  the  srteets,  especially  of 
large  cities,  where  »the  territory  was  already  covered  by  competing 
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companies.  This  in  certain  cases  might  be  advisable,  but  as  a  gen- 
eral practice  it  is  not  to  be  recommended. 

If  the  general  distribution  of  natural  gas  was  possible,  and  we 
could  look  to  a  constant  supply  in  the  future,  it  would  doubtless 
form  an  important  element  in  arriving  at  some  satisfactory  conclu- 
sion. • 

We  come  then  to  the  question,  to  what  extent  can  our  present 
supply  of  illuminating  gas  be  made  to  answer  the  purpose  of  a 
fuel-gas? 

As  we  shall  see,  its  heating  power  is  all  that  we  can  reasonably 
expect,  it  possesses  a  characteristic  odor,  its  distribution  is  already 
effected,  and  the  only  question  is  one  of  cost.  It  is  hardly  to  be 
expected  that  illuminating  gas  at  its  present  price  will  be  generally 
used  for  fuel  purposes,  although  in  certain  cases  it  is  more  eco- 
nomical than  C09I,  and  vastly  superior  to  coal  in  cleanliness  and 
cost  of  handling.  Compared  with  the  cheap  fuel-gases  it  can  gen- 
erally compete  with  them  on  even  terms,  and  in  some  cases  is  the 
more  economical  of  the  two. 

The  following  are  results  which  I  have  obtained  in  practical 
calorimetric  tests  of  the  carburetted  water-gas  made  by  the  Mun- 
icipal Branch  of  the  Consolidated  Co.  of  New  York.  The  tests 
were  made  from  time  to  time  during  the  past  two  years;  and 
the  figures  give  the  heat-units  per  cubic  foot  at  60°  F.  and  30 
inches  pressure:— 715.  692,  725,  732,691,738,  735,  703»734,730» 
73^  T^J*  Average  721  heat-units.  Similar  tests  of  mixtures  of 
coal-and  water-gases  made  by  other  branches  of  the  same  company 
give,  694,  715,  684, 692,  727,  665,  695,  and  686  hfet-units  per  foot, 
or  an  average  of  694.7.  The  average  of  all  these  tests  was  710.5 
heat-units,  and  this,  for  our  present  purpose,  we  may  fairly  take 
as  representing  the  calorific  power  of  the  illuminating  gas  of 
New  York.  One  thousand  feet  of  this  gas,  costing  II1.25,  would 
therefore  yield  710,500  heat-units,  which  would  be  equivalent  to 
568400  heat- units  for*;Ji.oo. 

The  common  coal-gas  of  London,  with  an  illuminating  power 
of  16  to  17  candles,  has  a  calorific  power  of  about  668  units  per 
foot,  and  costs  from  60  to  70  cents  per  thousand. 

The  various  processes  for  producing  a  simple  fuel-gas  claim  little 
or  nothing  in  the  way  of  illuminating  power.  The  gas  is  made  at 
small  cost,  and  is  usually  sold  for  about  50  cents  per  one  thousand 
feet    Its  value  as  a  heating  agent  depends  mainly  upon  the  hydro- 


lOO  THE  QUARTERLY. 

gen  and  carbonic  oxide  which  it  contains,  with  sometimes  a  small 
percentage  of  marsh  gas  and  other  hydrocarbons. 

If  gas  was  sold  by  weight  these  fuel-gases  could  make  a  better 
showing  in  calorific  power^  but  as  it  is  sold  by  volume  and 
undoubtedly  always  will  be,  little  can  be  expected  of  a  gas  which 
has  its  principal  hdlt-producing  constituent — the  carbon — in  an 
already  half-consumed  condition. 

The  calorific  power  of  hydrogen  is  325.5  units  per  foot,  when 
the  latent  heat  of  the  aqueous  vapor  produced  is  utilized.  When 
the  vapor  is  not  condensed  it  has  only  274.1  units.  Carbonic 
oxide  gives  324.7  heat-units  per  foot,  its  combustion  producing  no 
aqueous  vapor. 

The  product  obtained  by  decomposing  steam  by  incandescent 
carbon  as  effected  in  the  Motay  process,  consists  of  about  40  per 
cent,  of  carbonic  oxide  and  a  little  over  50  per  cent,  of  hydrogen. 

This  mixture  would  have  a  heating  power  of  about  300  units 
per  foot,  and  if  sold  at  50  cents  per  thousand  feet  would  furnish 
600,000  units  for  $1  00,  as  compared  with  568,400  units  from  illu- 
minating gas  at  $1.25  per  thousand.  This  illuminating  gas  if  sold 
at  ;^ 1. 1 5  per  thousand  would  therefore  be  a  more  economical  heat- 
ing agent  than  the  fuel-gas  mentioned,  at  50  cents  per  thousand, 
and  be  much  more  advantageous  than  the  latter  in  that  one  main, 
.service,  and  meter  could  be  used  to  furnish  gas  for  both  lighting 
and  heating. 

A  large  number  of  fuel-gases  which  I  have  tested  gave  from 
184  to  470  heat-units  per  foot,  with  an  average  of  309  units.  The 
price  charged  fo^the  gas  however,  was  in  some  cases  unknown, 
although  presumably  as  low  as  fifty  cents  per  thousand. 

Some  companies  have  adopted  the  plan  of  selling  gas  to  be  used 
for  fuel  purposes  at  a  somewhat  lower  rate  than  that  for  lighting, 
and  in  this  way  are  encouraging  its  use. 

Some  calculations  based  upon  statistics  collected  by  Progressive 
Age  show  that  of  362  gas  companies  in  the  United  States  165,  or 
over  45  per  cent ,  give  some  reduction  to  consumers  using  illumi- 
nating gas  for  fuel  purposes.  This  discount  varies  from  5  per 
cent,  to  over  60  per  cent,  on  the  price  charged  for  the  gas  used 
for  lighting.  Eighty-one  companies  give  a  reduction  of  25  per 
cent,  or  more,  while  the  average  discount  is  a  little  over  24  per 
cent. 

When  all  things  are  considered  one  must  admit  that  the  advan- 
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tages  of  utilizing  our  present  supply  of  illuminating  gas  for  fuel 
purposes  are  very  great,  and  perhaps  sufficient  to  warrant  the 
prediction,  that  with  a  cheapening  of  the  cost  of  production,  etc., 
encouraged  by  State  and  Municipal  control,  the  illuminating  gas 
will  be  made  to  answer  the  double  purpose  of  lighting  and  heating. 
The  determination  of  the  calorific  power  of  a  gas  is  effected 
either  by  a  practical  test,  or  by  a  calculation  based  upon  an  analy- 
sis of  the  gas  and  the  determined  calorific  powers  of  the  constituent 
gases.  The  latter  course  involves  the  estimation  of  the  several 
hydrocarbons  which  are  usually  grouped  under  the  term  "  illumi- 


nants."  This  is  often  a  long  and  somewhat  troublesome  prelimi- 
nary, and  it  is  therefore  a  great  saving  of  time  to  make  a  practical 
test  in  a  properly  constructed  calorimeter. 

The  accompanying  illustration  shows  the  apparatus  employed 
in  determining  the  calorific  powers  referred  to  in  this  paper,  and  is 
one  of  several  forms  of  calorimeters  which  oflate  years  have  been 
devised  for  the  especial  determination  of  the  heat  of  combustion  of 
gases.  Although  it  has  been  described  elsewhere,  it  is  hoped  that 
it  is  of  sufficient  interest  in  this  connection  to  warrant  a  repetition. 

It  was  devised  by  the  late  Mr.  F,  VV.  Hartley  of  London  ;  and 
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while  it  does  not  claim  the  same  degree  of  refinement  as  that  of 
Prof.  Julius  Thomsen,  I  have  found  it  simple  in  construction,  easy 
of  manipulation,  and  sufficiently  accurate  for  all  ordinary  work. 

I  may  say  that  the  calorific  powers  here  mentioned  refer  to  the 
pound-Fahr.  unit,  which  I  think  is  more  familiar  than  the  pound- 
Cent,  unit,  or  than  the  more  scientific  kilogram-Cent,  unit  or 
calorie  of  the  French. 

The  calorimeter  involves  the  determination  of  the  quantity  of 
heat  imparted  to  a  small  stream  of  running  water  by  the  combus- 
tion of  a  definite  quantity  of  gas,  and  the  subsequent  weighing  of 
the  water  so  heated. 

In  the  illustration  A  is  a  lead-lined  tank  for  the  water  supply, 
whose  outlet  B  is  composed  in  part  of  a  glass  tube  containing  a 
delicate  thermometer  for  indicating-  the  temperature  of  the  "  inlet " 
water.  M  is  the  gas-meter  which  registers  ^^  cubic  foot  per  rev- 
olution; R  a  delicate  governor  connected  with  the  outlet  of  the 
meter,  and  from  which  the  gas  passes  to  the  burner. 

The  combustion  of  the  gas  is  effected  in  a  Bunsen  burner,  hav- 
ing an  adjustable  air  supply,  and  which  is  surrounded  by  the 
conical  water-jacket  C,  through  which  the  water  from  the  tank 
passes  before  entering  the  "  body  "  D.  The  object  of  this  jacket  is 
to  absorb  any  heat  which  may  be  reflected  downward  from  the 
flame,  which  however  is  placed  wholly  within  the  body  of  the 
instrument. 

The  **  body  "  is  a  modified  Coffey's  still,  presenting  internally  a 
large  surface  for  the  absorption  of  heat.-  The  water  entering  at 
the  top,  and  descending  over  the  heated  surfaces  finds  an  outlet  by 
the  tube  shown  at  the  bottom  and  right  of  the  "  body/'  where 
its  temperature  is  again  taken.  The  difference  between  the  read- 
ing of  this  thermometer  and  that  at  B  gives  the  number  of  degrees 
the  water  has  been  heated. 

At  the  side  of  the  tank  J  is  a  three-way  cock  by  means  of  which 
the  escaping  water  can  be  allowed  to  run  to  waste  while  the 
gas  and  water  supplies  are  being  adjusted,  and  diverted  to  the  tank 
when  the  test  begins. 

A  small  thermometer  placed  horizontally  above  the  **  body  "  D 
gives  the  temperature  of  the  products  of  combustion  which  escape 
by  the  tube  F.  The  ring-burner,  G,  by  heating  the  upper  part  of 
F  produces  the  necessary  upward  draught,  which  could  not  be 
produced  by  the  products  of  combustion  since  they  pass  from  the 
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combustion  chamber  at  a  temperature  below  that  of  the  air.  The 
box  E  is  for  an  anemometer. 

The  thermometers  used  are  graduated  in  tenths  of  a  degree, 
and  are  required  for  ascertaining  the  temperature'  of  the  air,  the 
inlet  and  outlet  water,  the  gas,  the  products'  of  combustion,  and 
the  "  body  "  of  the  instrument.  The  last  are  seen  fixed  to  the  side 
in  small  pockets.  The  air  thermometer  is  best  read  by  means  of 
a  telescope,  the  others  by  an  ordinary  hand-glass. 
.  In  using  the  apparatus  the  gas  is  burned  at  the  rate  of  about  1.5 

f  cubic  feet  per  hour,  and  0.25  cubic  foot  is   burned   in   each  test, 

which  lasts  from  ten  to  fifteen  minutes. 
I  The  water  supply  is  regulated  by  the  cock  at  the  upper  end  of 

B,  so  that  the  increase  of  temperature  in  passing  through  the  cal- 
orimeter shall  be  seven  or  eight  degrees  Fahr.  While  these  adjust- 
ments are  being  made  the  water  runs  to  waste,  but  at  the  starting 
of  a  test  the  flow  is  diverted  into  the  collecting  tank.  During  the 
test  the  "  outlet "  thermometer  must  be  read  frequently.  My  prac- 
tice is  to  read  it  four  times  during  each  revolution  of  the  meter, 
or  a  total  of  twenty  readings,  while  each  of  the  other  thermom- 
eters is  read  once  during  the  same  time. 

At  the  end  of  the  test  the  water  is  turned  to  waste,  that  collected 
in  the  tank  is  weighed,  or,  as  I  find  more  convenient,  is  meas- 
ured at  a  known  temperature,  and  its  weight  calculated. 

The  weight  of  water  in  pounds,  multiplied  by  the  increase  in 
temperature  of  the  water,  and  divided  by  the  corrected  volume  of 
gas  burned,  gives  the  calorific  power  per  cubic  foot  of  gas. 

This  result  is  subject  to  two  slight  corrections  which  must  be 
made  on  the  figures  obtained  for  the  0.25  foot  consumption,  ist. 
Absorption  of  heat  from  the  air  by  the  "  body  "  of  the  instrument. 
This  has  been  found  to  equal  0.025°  per  minute  for  each  degree 
that  the  "body  "  is  below  the  temperature  of  the  air.  2d.  Loss  of 
heat  by  the  heated  water  receiver.  This  equals  0.01°  per  minute 
for  each  degree  that  the  receiver  is  above  the  temperature  of  the 
air. 

One  correction  partly  offsets  the  other ;  and  I  have  seldom  found 
the  total  correction  to  exceed  one  per  cent.;  usually  it  is  much 
less. 

As  an  example  I  give  the  following  test  of  the  gas  of  the  Muni- 
cipal Branch  of  the  Consolidated  Co: 
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Barometer, 

Temperature  of  gas  burned,   . 
Temperature  of  the  air,  (a),     . 
Temperature  of  the  water,  inlet,  (b), 
Temperature  of  the  water  outlet,  (c), 
Temperature  of  the  water,  raised,   . 
Temperature  of  the  "  body,*'  (d),     . 
Temperature  of  the  escaping  gases, 
Duration  of  test,     .... 

Gas  burned, 

Gas  burned,  corrected  to  60°  F.  and  30  in.  Bar., 
Pounds  of  water  heated. 


29.886 
66.00° 
65.98° 
61  605° 
69.2750 
7.670° 

63.795° 

64.43° 
12.78 

0.25    cu.  ft. 

0.2452  cu.ft. 

23.228 


m. 
F. 
F. 
F. 
F. 
F. 
F. 
F. 
M. 


Corrections : 


(a— d)  2.185  X  .025  X  12.78 
(c— a)  3.295  X  .01     X  12.78 


0.698°  gain. 
0421°  loss. 


a277°  gain. 


■ 

23.228  X  7.67  —  0.28  =  177.88  H-  .2452  =  725.3  heat  units  at 
60°  F.  and  30  in.  Bar. 


THE  TEN-INCH  FAUTH  DIRECTION  INSTRUMENT.* 


BY  J.  T.  MONELL,  C.E. 

The  lo-inch  Direction  Instrument  constructed  by  Fauth  &  Co., 
of  Washington,  for  the  Geodetic  Department  of  the  School  of 
Mines,  Columbia  College,  is,  in  its  general  features,  very  similar 
to  the  8-  and  12-inch  theodolites  made  by  the  same  firm  for  the 
United  States  Coast  Survey. 

The  instrument  may  be  divided  conveniently  into  three  parts. 
First,  the  spider-like  trio  of  legs  surrounding  a  hollow,  upright 
column.  This  part  forms  the  base  of  the  instrument,  and  admits 
of  no  motion  other  than  levelling.  Second,  the  horizontal  limb  or 
plate.  This  plate  carries  a  finely  graduated  circle,  for  measuring 
horizontal  angles,  the  prime  object  for  which  the  instrument  is 
constructed.  This  part  of  the  instrument  is  designed  to  be  placed 
approximately  at  any  desired  setting,  at  which  it  remains  until  the 
required  number  of  angles  has  been  measured  upon  it.     Third, 


*  Memoir  prepared  for  the  Department  of  Geodesy. 
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the  alidade,  consisting  of  a  telescope  and  readjng  microscopes, 
with  their  standards  supported  upon  a  hard  bronze  spindle,  rotat- 
ing in  a  socket  formed  by  the  upright  column  just  mentioned. 

The  telescope  is  provided  with  a  vertical  circle  for  measuring 
the  zenith  distances  of  objects.  Both  the  circles  are  free  from  any 
danger  of  strain  from  clamps,  which  are  attached  to  their  axles 
only.  The  materials  used  in  the  instrument  are  mostly  brasses 
and  bronzes. 

The  theodolite  rests  on  a  light  braced  tripod  made  of  wood, 
with  fixed  legs,  and  a  circular  top  of  sufficient  size  to  support  the 
instrument  and  leave  some  room  to  spare.  The  foot-plates  are 
&stened  on  the  top  of  the  table.  These  are  three  small  metal 
discs,  each  with  a  broad  V-shaped  groove  pointing  towards  the 
centre  of  the  stand.  There  is  a  large  hole  in  the  middle  of  the 
table  for  the  plumb-line  to  pass  through. 

The  base  of  the  instrument  is  formed  by  three  legs,  which  sup- 
port the  main  socket,  while  the  latter  carries  all  the  rest  of  the 
theodolite.  The  legs  are  hollow,  and  project  from  a  central  ring 
or  boss,  upon  which  rests  the  main  axis.  The  legs  are  supported 
at  their  outer  ends  by  large  milled-headed  levelling  screws,  with 
rounded  points  to  rest  in  the  grooves  of  the  foot-plates. 

These  screws  are  sufficiently  fine  (36  threads  to  the  inch)  to 
allow  of  accurate  levelling ;  and  the  ends  of  the  legs  in  which 
they  run,  are  split,  and  fitted  with  capstan-headed  screws,  so  that 
they  may  be  tightened  at  pleasure.  The  feet  of  the  three  leveling 
screws  form  the  vertices  of  an  equilateral  triangle,  each  screw 
being  nearly  five  and  one  half  inches  from  the  centre  of  the  in- 
strument, thus  giving  the  whole  a  firm  base,  which  is  quite  neces- 
sary in  any  theodolite.  The  central  boss  from  which  the  legs 
spring,  has  an  inner  shoulder  inside  of  which  the  main  socket  fits, 
the  lower  part  of  the  socket  passing  through  the  boss.     (Fig.  I.) 

A  convenient  feature  of  this  instrument,  is  the  handle  that  has 
been  added  to  it.  This  is  a  |^-inch  tube  bent  into  a  circle,  which 
is  placed  horizontally,  midway  between  the  plate  and  the  legs, 
and  is  fastened  to  the  latter  by  three  short,  knee-like,  brackets, 
through  holes  in  which  it  passes.  (Fig.  I.).  This  makes  a 
very  convenient  and  secure  handhold  that  is  of  great  value  in 
handling  such  a  heavy  instrument.  This  idea  seems  to  have  been 
adopted  from  German  makers,  and  is  very  well  worth  applying  on 
all  instruments  of  this  class,  the  additional  weight  required  being 
insignificant. 
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The  central  upright  axis  consists  of  three  separate  parts  ;  the 
main  fixed  socket,  which  is  attached  to  the  boss  of  the  base ;  the 
long  solid  spindle  fitting  inside  of  this,  that  carries  the  telescope 
and  the  microscopes ;  and  the  outer  sleeve,  called  the  plate  axis, 
which  bears  the  horizontal  plate  or  limb.     (Fig.  I.) 

The  main  socket  fits  into  the  base  and  has  a  broad- eared  flange 
which  rests  on  the  face  of  the  boss,  to  which  it  is  fastened  by  four 
screws.  The  plate  axis  is  a  short,  tapering  sleeve  revolving  on  the 
main  socket,  on  the  outside  of  which  it  bears,  the  upper  and  the 
lower  inch  of  its  length  fitted,  and  the  middle  one  left  loose.  It 
also  rests  on  the  flange  of  the  main  socket.  Clamps  are  fastened 
to  each  of  the  two  ears  of  the  socket  flange,  and  bind  on  the  nar- 
row flange  at  the  base  of  the  plate  axis,  by  means  of  large  capstan- 
head  screws,  which  pass  through  the  clamp  and  into  the  ears. 
When  these  binding  screws  are  loose,  the  plate  may  be  rotated 
freely,  and  when  tightened,  it  is  held  firmly  to  the  main  socket 
in  the  position  desired.  The  upper  part  of  the  sleeve  is  quite 
thick,  and  a  deep  shoulder  is  cut  away  for  the  plate  to  rest  on, 
and  a  little  further  down,  a  rectangular  groove  is  turned  out.  to 
receive  the  ring  of  the  horizontal  clamp.  Neither  plate  nor  plate 
axis  can  be  removed,  without  first  taking  out  the  alidade.  The 
tops  of  the  main  axis  and  the  plate  axis,  and  upper  surface  of  the 
limb,  are  in  the  same  plane,  while  the  alidade  spindle  projects 
slightly  above  them — enough  to  allow  the  standards  to  revolve 
freely,  without  touching  them. 

The  phosphor-bronze  alidade  spindle  is  a  little  over  ^  inch  in 
diameter,  and  5  inches  long.  It  tapers  at  an  angle  of  22°  for  the 
upper  inch,  then  is  straight  to  the  lower  end  which  is  tapered  off 
at  a  still  greater  angle.  The  tapered  portions  are  the  sole  bear- 
ing surfaces,  and  are  carefully  fitted  by  grinding,  while  the  straight 
part  is  loose  in  the  socket.  This  supremely  important  part  of  the 
instrument,  is  very  well  made,  carrying  the  heavy  alidade  rigidly, 
but  with  a  beautifully  smooth  and  easy  motion.  A  small  screw, 
passing  through  a  washer  and  screwing  into  the  foot  of  the  spindle, 
holds  the  latter  firmly  down  against  the  bottom  of  the  main  socket. 
The  weight  of  the  alidade  is  sufficient  to  perform  this  duty  under 
ordinary  circumstances,  but  this  screw  secures  it  from  danger  in 
travelling  if  overturned.  The  head  of  the  screw  is  formed  into  a 
hook,  from  which  the  plumb-bob  is  suspended. 

The  lo-inch  horizontal  limb  fits  over  the  end  of  the  plate  axis. 
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and  rests  on  the  shoulder  previously  mentioned,  to  which  it  is 
fastened  by  four  screws  whose  heads  are  sunk  into  the  plate  flush 
with  its  upper  surface.  (Fig.  I.)  The  limb  consists  of  a  con- 
tinuous plate  of  bronze,  strengthened  by  radiating  ribs  below, 
and  having  its  outer  edge  raised  slightly  above  the  rest  of  the 
plate,  and  bevelled  to  form  a  conical  surface,  on  which  the  gradua- 
tions are  engraved.    The  central  portion  of  the  plate,  which  bears 


against  the  shoulder  on  the  axis,  is  thickened  below,  and  the 
edge  is  strengthened  by  an  ornamental  rim  turned  upon  it,  directly 
underthe  graduated  surface.  This  method  of  construction  allows 
the  plate  and  ribs  to  be  made  very  light  without  danger  of  flexure 
or  want  of  sufficient  rigidity. 

The  circle  is  divided  into  five-minute  spaces,  and  the  divisions 
are  cut  on  a  solid  silver  ring  inlaid  in  the  bevelled  edge  of 
the  plate.  The  graduations  on  this  instrument  are  defective  in 
several  ways.  They  are  engraved  too  deeply,  which  causes  an 
annoying  gleam  from  the  sides  of  the  cut,  and  makes  it  diflicult 
to  bisect  a  division  with  the  micrometer  wires,  especially  when  the 
illumination  comes  entirely  from  one  side.  The  lines  are  not 
straight  and  are  of  uneven  depth,  generally  being  heavier  at  their 
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inner  ends  than  at  the  outer.  It  is  also  difficult  to  distinguish  the 
divisions  apart.  They  are  numbered  every  ten  degrees,  from  o  to 
360,  and  the  five-degree  and  thirty-minute  divisions  are  made 
longer  respectively  than  those  corresponding  to  single  degrees  and 
five  minutes,  the  degree  divisions  being  considerably  longer  than 
either  the  five-  or  thirty-minute  ones.  But,  although  this  last  dif- 
ference is  well  marked,  the  others  are  so  small  that  is  is  difficult 
to  recognize  them  with  certainty,  and  it  will  generally  be  found 
necessary  to  count  the  degrees  from  the  last  numbered  division, 
and  the  minutes  from  the  last  degree  division.* 

The  telescope  standards  are  of  the  U-shaped  type ;  with  the 
excepti9n  of  the  upper  three  inches,  the  whole  is  in  one  casting, 
consisting  of  two  U-like  ribs,  joined  at  their  inner  edges  by  a  broad 
web,  and  tied  together  by  several  transverse  braces.  (Fig.  2.) 
The  ribs  are  quite  near  together  at  the  top,  and  gradually  separate 
towards  their  base,  which  is  wide  and  very  strong.  The  manner 
of  attaching  this  wye-frame  base  to  its  spindle,  is  important.  The 
latter  terminates  in  a  circular  plate,  3  inches  in  diameter,  and 
about  three-eighths  thick,  and  a  short  conical  head  truncated,  and 
of  about  a  half  inch  diameter.  The  lower  portion  of  the  standard 
is  a  strong  square  box,  open  at  the  bottom,  and  fitting  over  the 
circular  head,  and  almost  concealed  by  the  smooth  curved  inner 
surface  and  sides  of  the  wye-frame.  Projecting  down  into  the  box 
from  its  top,  is  a  hollow  cone,  which  receives  the  conical  centre  of 
the  spindle;  while  stretching  across  the  box  at  right  angles  with 
each  other,  are  two  vertical  webs,  cast  in  the  same  piece  as  the 
rest  of  the  standard,  and  cut  away  so  as  to  fit  snugly  over  the 
large  spindle  head.  Four  large  screws  pass  up  through  the  head, 
and  into  these  cross  partitions,  which  are  thickened  to  receive  them. 
In  this  way,  the  fastening  of  the  spindle  to  the  alidade,  is  made 
very  firm.  The  upper  parts  of  the  standards  are  secured  to  the 
lower  by  two  screws  in  each  piece.  The  whole  frame  has  a  height 
from  the  wyes  to  the  top  of  the  base,  sufficient  to  give  the  tele- 
scope a  clear  swing  of  Sj4  inches.  The  telescope  pivots  rest  in 
the  wyes,  on  the  tops  of  the  standard  uprights. 

The  wyes  are  triangular  notches  across  the  tops  of  the  standards, 


*  Since  this  description  was  written  the  graduations  have  been  remade  entirely. 
Messrs  Fauth  &  Co.  have  put  in  a  new  set  of  graduations  with  microscopic  figures  at 
every  degree.     This  new  graduation  is  exceedingly  satisfactory. — J.  K.  R. 
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each  of  the  two  sides  of  the  notch  having  a  small  agale  plate  in- 
serted in  it,  held  in  by  a  mortise  at  one  end,  and  a  small  brass 


plate  at  the  other.     These  pieces  of  brass  are  held  in  with  a  couple 
of  small  screws.     On  these  agate  surfaces  the  journals  of  the  hori- 


no 
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zohtal  telescope  axis  rest  and  turn.  In  order  to  raise  or  lower 
one  end  of  the  horizontal  axis,  one  of  these  wyes  is  made  adjustable 
with  regard  to  height.  The  extreme  top  of  the  upright,  contain- 
ing the  wye,  is  a  distinct  block  joined  to  the  lower  part  by  screws 
which  thread  into  the  latter,  and  is  continually  pressed  down  by  a 
coiled  wire  spring  under  the  head  of  each  screw.  Coming  up 
through  the  fixed  part  of  the  upright,  and  bearing  on  the  lower 
side  of  the  adjustable  wye -block,  is  a  capstan  headed  screw.    When 

Fig.  3. 


this  is  tightened,  it  forces  the  wye-block  up ;  when  loosened  the 
springs  press  the  wye-block  down.  (Fig.  3.)  The  screw  has  a 
jam  nut  to  keep  it  in  the  desired  position.  The  supports  of  the 
micrometer  microscope  project  from  between  the  ribs  of  the 
standard  directly  outward. 

The  theodolite  has  two  small  levels  for  the  rough  levelling  of  the 
instrument.  The  larger  of  these  is  placed  alongside  the  base  of 
the  standard.  The  other  one  is  fixed  at  right  angles  to  the  first, 
and  parallel  to  the  plane  of  the  telescope.     It  is  about  half  way 
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up  one  of  the  uprights ;  and  on  the  inner  side,  which  protects  it 
from  accident,  but  makes  it  rather  troublesome  to  read,  especially 
as  it  is  situated  directly  below  the  clamping  bracket  of  the  tele- 
scope level.  These  plate  levels  are  supported  at  their  ends  by 
small  brackets  attached  to  the  standards ;  and  each  has  a  capstan 
headed  screw  for  adjusting  it.  They  arc  about  3  inches  long,  and 
rather  coarse,  in  fact  no  better  than  those  often  supplied  to  a  good 
engineer's  transit.  There  is  a  light  metal  guard  at  the  base  of 
the  standard,  to  prevent  the  telescope  striking  the  lower  level 
tube. 

The  horizontal  circle  is  read  by  means  of  a  pointer  and  two  mi- 
crometer microscopes ;  marked  respectively  A,  and  B,  the  reading 
to  the  last  five  minute  division  passed  over  being  obtained  from 
the  pointer,  and  the  additional  minutes  and  seconds  from  the  mi- 
croscopes. The  pointer  consists  of  a  small  arm,  projecting  from 
the  supporting  frame  of  the  telescope,  at  its  base.  The  reference 
mark  of  the  pointer  is  engraved  upon  its  outer  edge,  which  is 
bevelled  at  about  the  same  angle  as  the  graduated  portion  of  the 
limb,  and  silvered ;  and  the  length  of  the  arm  is  such  as  to  bring 
the  outer  end  of  this  mark  directly  over  the  inner  ends  of  the 
graduations.  The  pointer  is  read  by  means  of  a  microscope,  which 
consists  of  a  single  lens  mounted  in  a  short  brass  tube,  and  is  held 
in  position  over  the  outer  edge  of  the  pointer  by  a  swinging  arm 
attached  to  the  pointer  arm.  The  microscope  tube  slides  in  its 
mounting  to  allow  for  focusing.  The  pointer  arm  is  attached  to 
the  telescope  frame  by  two  screws  passing  through  holes  in  its 
inner  end,  which  is  bent  up  at  right  angles  to  the  rest  of  it  for 
this  purpose,  the  holes  being  made  sufficiently  large  to  allow  the 
screws  some  play,  and  enable  the  distance  of  the  pointer  from  the 
limb  to  be  adjusted.  There  is  necessarily  considerable  parallactic 
displacement  in  an  arrangement  of  this  kind,  since  the  end  of  the 
mark  cannot  be  brought  down  upon  the  graduations  without 
scratching  the  limb. 

The  microscopes  are  of  the  ordinary  form  of  compound  micro- 
scope with  achromatic  objectives  and  positive  eye-pieces.  The 
objective  consists  of  a  double  achromatic  combination  of  long 
focus,  and  the  eye-piece  contains  two  plano-convex  lenses,  having 
their  curved  surfaces  toward  each  other,  and  is  of  low  power. 
The  body  of  the  microscope  is  composed  of  two  pieces  of  brass 
tube,  of  about  three-quarters  of  an  inch  in  diameter,  screwed  into 
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the  opposite  sides  of  the  rectangular  brass  micrometer  box  placed 
at  the  common  focus  of  the  objective  and  the  eye-piece,  the  pieces 


of  tubing  being  of  a  proper  length  to  give  it  this  position.  (Fig. 
4.)  Directly  beneath  the  upper  plate  of  the  box  (the  one  nearest 
the  eye-piece)  on  one  side  of  the  field  of  view,  and  limiting  it  in 
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this  direction,  there  is  attached  a  thin  brass  plate  with  a  row  of 
projedting  teeth  on  its  inner  edge.  The  middle  point  of  the  scale 
thus  formed  is  marked  by  a  deep  notch  terminating  in  a  small  hole. 
Inside  of  the  micrometer  box,  there  is  a  sliding  frame,  having  a 
rectangular  hole  cut  through  it.  Across  the  upper  surface  of  this 
frame,  two  parallel  spider  lines  are  stretched  and  fastened  perpen- 
dicular to  its  line  of  motion  ;  and  the  position  of  the  sliding  frame 
is  such  that  the  spider  lines  play  directly  under  the  serrated  scal^. 
The  ends  of  the  frame  are  thickened  into  blocks  which  project 
below  the  rest ;  and  into  one  end  of  it,  a  threaded  steel  rod,  which 
projects  through  the  end  of  the  micrometer  box,  is  fastened  by 
means  of  a  pin.  Two  parallel  guide  rods  are  threaded  into  the 
same  end  of  the  box,  in  such  positions  that  they  pass  below  the 
body  of  the  frame,  and  through  holes  in  its  end,  they  being  suffi- 
ciently long  to  extend  through  to  the  other  end  of  the  box.  Each 
of  these  rods  is  surrounded  by  a  spiral  spring,  which  bears  against 
that  end  of  the  micrometer  box  into  which  the  rods  are  fastened, 
passes  freely  through  the  hole  in  the  nearest  end  of  the  sliding 
frame,  and  presses  against  the  other  end  of  the  latter.  The  frame 
is  held  in  position  against  the  pressure  of  these  springs  by  the 
micrometer  head,  which  is  screwed  upon  the  projecting  end  of  the 
threaded  rod,  and  bears  against  the  outside  of  the  micrometer  box . 
The  micrometer  head  consists  essentially  of  a  long  nut  provided 
with  a  milled  head  for  convenience  in  turning  it,  its  length  being 
sufficient  to  admit  of  the  micrometer  wires  being  drawn  entirely 
across  the  field  of  view  by  screwing  it  up  without  the  screw  strik- 
ing against  the  end  of  the  nut.  A^  shoulder  is  turned  upon  it, 
near  its  inner  end,  which  is  threaded  to  carry  a  small  nut ;  this 
nut  bears  against  a  spring  washer,  which,  in  turn,  presses  a  disc 
against  the  shoulder.  The  disc  forms  the  end  of  a  short  brass  cyl- 
inder whose  rounded  surface  is  cased  in  a  thin  silver  ring.  The 
silver  cylinder  is  divided  into  60  equal  parts,  the  graduations  ex- 
tending to  the  end  of  the  cylinder  nearest  the  micrometer  box, 
where  they  are  read  by  the  aid  of  an  index  mark  engraved  upon  a 
smaller  silver  plate,  which  forms  part  of  the  same  cylindrical  sur- 
face, and  is  borne  on  the  end  of  a  projecting  arm  attached  to  the 
top  of  the  box.  The  pitch  of  the  micrometer  screw  is  such  that 
one  turn  of  the  head  carries  the  micrometer  wires  over  the  space 
between  two  adjacent  notches  on  the  serrated  scale.     When  the 

microscopes  are  in  adjustment,  this  distance  also  corresponds  to 
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the  image  of  one  minute  of  arc  measured  upon  the  graduated  plate  ; 
and  as  the  head  is  divided  into  60  parts,  one  division  of  the  head 
corresponds  to  a  single  second  of  arc.  The  serrated  scale  serves  to 
show  how  many  whole  turns  of  the  micrometer  head  the  wires  are 
distant  from  the  centre  of  the  field.  The  graduated  portion  of  the 
head  is  attached  to  the  rest  by  the  friction  device,  as  previously  de- 
scribed, instead  of  a  more  rigid  connection,  to  enable  the  wires  to 
be  held  in  any  desired  part  of  the.field,  while  the  graduated  cylinder 
is  turned  to  read  zero.  The  objective  and  the  eye-piece  are  mounted 
in  separate  brass  tubes,  which  slide  inside  of  the  body  of  the  micro- 
scope to  allow  for  focusing,  and  the  correction  of  parallax. 

The  microscopes  are  attached  to  the  standards  of  the  telescope 
by  frame  works  which  consist  of  two  pieces.  (Fig.  5.)  First, 
a  bracket  consisting  of  a  flat  piece  of  brass,  about  one  inch  wide 
and  two  long,  from  each  end  of  which  a  curved  arm  of  the  same 
thickness  springs  inwards  towards  the  the  telescope  frame,  where 
it  is  attached  to  the  web  by  two  screws.  The  pieces  curve  away 
from  each  other,  and  are  widened  as  they  approach  the  web — a 
style  of  construction  which  gives  great  rigidity  with  a  compara- 
tively small  amount  of  metal.  The  second  part  consists  of  a  flat 
piece  of  bras9,  similar  to  that  on  the  first,  at  the  ends  of  which  at 
right  angles  to  its  length,  there  are  two  short  arms,  of  the  same 
width  and  thickness,  which  are  formed  into  collars  through  which 
the  microscope  passes.  The  outer  side  of  each  collar  is  split,  and 
provided  with  projecting  lugs,  through  which  a  capstan-headed 
screw  is  passed  to  clamp  the  collar  firmly  about  the  microscope. 
After  loosening  the  screws,  tfie  microscope  may  be  turned  around 
in  the  collars  to  make  the  micrometer  wires  parallel  to  the  grad- 
uations  on  the  limb,  or  raised  and  lowered  to  adjust  the  run.  The 
flat  surfaces  of  the  two  parts  of  the  microscope-support  are  drawn 
together  by  two  capstan-headed  screws,  one  placed  vertically  above 
the  other,  and  are  kept  apart  by  a  small  round  rod  placed  hori- 
zontally midway  between  them,  brazed  into  a  shallow  groove  in  the 
microscope-piece,  and  resting  in  a  corresponding  groove  in  the 
other  surface.  This  rod  thus  acts  as  a  fulcrum  about  which  the 
microscope  and  piece  attached  to  it  may  be  turned,  by  loosening 
one  of  the  screws  and  tightening  the  other,  in  order  to  place  the 
axis  of  the  microscope  perpendicular  to  the  element  of  the  grad- 
uated surface  directly  under  it.  In  addition  to  this  arrangement, 
the  part  attached  to  inicroscope  B  has  screwed  into  it,  and,  pro- 
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jccting  from  the  flat  surfeice  at  the  middle  point  of  the  brass  rod, 
a  short  piece  of  steel  having  its  two  opposite  sides  squared.  This 
piece  projects  into  a  horizontally  elongated  hole  in  the  face  of  the 
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bracket,  where  it  is  clasped  between  the  two  opposing  capstan- 
headed  screws  which  enter  the  flat  piece,  here  thickened  to  receive 
them,  from  the  sides.  It  is  evident,  that  by  loosening  one  screw 
and  tightening  the  other,  microscope  B  may  be  moved  horizon- 
tally, enabling  it  to  be  placed  180°  distant  from  microscope  A. 
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This  construction  is  somewhat  novel ;  the  adjustment  of  the  an- 
gular distances  between  the  zero  points  of  the  micrometers  usually 
having  been  allowed  for  by  making  the  serrated  scale  in  each  mi- 
crometer box  adjustable  by  a  screw,  which  enters  through  the  en«l 
of  the  box  opposite  the  head,  and  pulls  the  scale  against  the  action 
of  a  spring,  while  the  microscopes  themselves  were  fixed.  It  is 
claimed  that  the  arrangement  of  the  single  movable  microscope 
preserves  the  adjustment  more  permanently  than  the  old  style ;  and 
it  also  possesses  the  advantage  that  the  zero  of  the  micrometer- 
scale  is  permanently  fixed  in  the  centre  of  the  field  of  view,  causing 
all  the  bisections  to  be  made  near  this  point,  a  condition  favoring 
accurate  work.  It  is  to  be  observed,  that  in  this  instrument  all  the 
adjustments  of  run,  focus,  and  parallelism  of  micrometer  wires, 
have  to  be  made  directly  by  the  hand,  as  no  screws  are  provided 
for  this  purpose,  and  it  is  almost  impossible  to  obtain  an  accurate 
adjustment  in  this  way. 

The  method  used  in  this  instrument  for  illuminating  the  gradua- 
tions under  the  microscopes,  is  also  of  rather  recent  application.  A 
small  square  plate  of  white  porcelain,  backed  by  one  of  brass,  is 
attached  by  a  ball-and-socket  joint  to  the  end  of  a  short  brass 
tube  which  projects  from  the  side  of  the  box  at  the  base  of  the 
telescope-supports.  Directly  opposite  this  plate,  a  small  totally- 
reflecting  prism  is  let  into  the  side  of  the  objective  tube  of  the 
microscope,  between  the  two  lenses,  so  that  it  throws  the  light, 
reflected  from  the  porcelain  surface,  down  through  the  lower  glass 
ol  the  objective  upon  the  limb.  The  makers  claim  that  this  method 
of  illumination  is  superior  to  the  old  form  :  but,  as  the  microscopes 
are  not  provided  with  shade-tubes,  there  is  nothing  to  prevent  a 
side  light  from  falling  upon  the  limb,  which  is  particularfy  annoy- 
ing in  this  instrument  with  its  deep-cut  graduations.* 

One  of  the  best  features  of  the  instrument  is  the  horizontal 
clamp  and  tangent  screw.  The  clamp  consists  of  a  collar,  made 
in  two  pieces,  held  together  by  screws  passing  through  project- 
ing lugs,  which  fits  around  the  groove  in  the  plate  axis.  In  the 
middle  of  the  inside  surface  of  one  section  of  the  collar,  a  square 
notch  is  cut,  into  which  is  fitted  a  movable  brass  block,  whose  ex- 


*  The  microscopes  are  now  supplied  with  glass  cylinders,  which  reach  from  a  point 
a  little  above  the  objective  to  the  plane  of  graduations.  Inside  of  this  glass  cylinder 
is  a  lining  of  thin  white  silk;  the  light  is  diffused  as  it  passes  through  this  lining,  and 
the  illumination  is  most  perfect. — J.  K.  R. 
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posed  surface  is  cut  to  form  a  portion  of  the  same  cylindrical 
surface  as  the  rest  of  the  ring.  A  steel  screw  of  sufficient  length 
to  project  beyoitd  the  edge  of  the  plate,  and  provided  with  a  large 
brass  head  enters  the  ring  from  the  outside,  and  when  screwed  up 
presses  the  movable  block  against  the  plate  axis,  clamping  the 
collar  firmly  in  place.  This  kind  of  clamp  bites  very  firmly,  and 
avoids  all  travelling  action.  (Fig.  i.)  From  the  same  section 
of  the  collar  in  which  the  clamp-screw  works,  and  situated  on  op- 
posite sides  of  the  latter,  two  arms  project,  sloping  upwards  and 
towards  each  other,  till  just  before  emerging  from  beneath  the 
plate,  where  they  unite  and  extend  about  an  inch  beyond  its  edge. 
Near  the  end  of  the  arm,  and  projecting  downwards,  there  is  a  lug, 
through  a  hole  in  which  the  clamping-screw  passes ;  and  in  the 
upper  surface  of  the  arm,  directly  above  the  lug,  a  small  cavity  is 
made.  Attached  to  the  arm  by  means  of  a  capstan-headed  screw 
there  is  a  piece  of  brass,  in  the  form  of  two  small  flat  plates  at 
right  angles  to  each  other,  one  of  which  rests  upon  the  top  sur- 
face of  the  arm,  while  the  other  is  parallel  to  this  surface.  In  the 
lower  surface  of  the  parallel  plate  a  cavity  is  cut  corresponding  to 
the  one  in  the  surface  of  the  arm.  A  split,  spherical  bronze  nut, 
in  which  the  tangent-screw  works,  is  held  between  the  upper  sur- 
face of  the  arm  and  the  lower  surface  of  the  plate,  and  is  kept  in 
position  by  being  fitted  into  the  two  cavities.  It  is  prevented  from 
turning  by  a  short  pin  which  fits  into  a  hole  in  the  attached  piece. 
A  projecting  arm,  attached  to  the  base  of  the  telescope-standards, 
is  provided  with  a  similar  cavity  and  clamping-piece  upon  its  lower 
surface,  the  two  cavities  in  this  case  serving  to  hold  a  spherical 
projection  which  is  turned  upon  the  shank  of  the  tangent- screw. 
The  tangent-screw  has  no  longitudinal  motion  apart  from  this 
bearing,  but  turns  freely  in  it.  The  screw  is  of  bronze,  has  100 
threads  to  the  inch  cut  upon  it  for  a  distance  of  2^  inches,  and  is 
provided  at  each  end  with  a  head  of  large  diameter.  One  turn  of 
the  screw  corresponds  to  about  five  minutes  of  arc,  and  with  the 
large  heads  provided,  a  very  slow  motion  may  be  obtained. 

The  horizontal  axis  is  made  of  phosphor-bronze,  and  carries 
the  telescope  in  a  boss,  which  forms  its  middle  part.  (Fig.  6.) 
The  axis  consists  of  two  irregularly  conical  arms  screwed  into  the 
central  boss.  The  arms  terminate  in  journals,  turning  in  the  wyes, 
and  are  enlarged  just  inside  of  these  bearings,  to  receive  the  ver- 
tical clamp.     The  boss  is  perpendicular  to  the  axis,  and  there  is  a 
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sleeve  fitting  inside  of  it,  into  which  the  two  sections  of  the  tele- 


scope tube  are  screwed,  and  which  is  fastened  in  the  boss  by  a 
couple  of  screws. 
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The  vertical  circle  fits  the  axis  tightly  and  is  fastened  by  four 
screws  to  the  boss,  which  is  thickened  and  faced  to  receive  it. 
The  circle  thus  partakes  of  all  the  movements  of  the  telescope  and 
axis.  The  verniers,  on  the  contrary,  turn  freely  on  the  axis,  but 
are  held  in  place  by  a  collar,  which  is  screwed  to  the  axis  so  near 
the  vernier  hub  as  just  to  touch  it ;  the  pressure  necessary  to  keep 
the  verniers  against  the  circle  being  obtained  by  a  thin  brass  ring 
inserted  in  a  groove  turned  in  that  face  of  the  collar  next  to  the 
vernier  hub.  This  ring  is  slit  in  several  places,  and  portions 
are  bent  up  so  as  to  form  a  sort  of  spring,  which  bears  against 
the  hub. 

The  telescope  is  held  on  the  standards,  and  its  vertical  notions 
controlled,  by  a  "  Davidson  "  clamp.  When  the  clamp  is  opened, 
the  telescope  may  be  taken  off  the  standards  and  put  back  with  the 
same  pivots  in  different  wyes;  and  it  may  also  be  rotated  through, 
between  the  standards  without  taking  it  out — only  loosening  the 
clamp  nut, — the  standards  being  just  high  enough  to  allow  the 
eye-piece  end  of  the  telescope  to  swing  through.  When  either  the 
cap  or  the  sunshade  is  on  the  telescope,  it  is  so  nearly  balanced 
that  it  will  stay  in  place  when  left  undamped. 

The  Davidson  clamp  consists  of  a  long  lever  arm,  loosely  pivoted 
close  to  the  inner  side  of  one  of  the  uprights,  and  supporting  a  collar 
which  closes  around  that  enlargement  of  the  horizontal  axis  already 
mentioned.     (Fig.  7.) 

This  collar  is  in  two  parts,  hinged  together,  and  locking  shut  by 
a  milled  head  nut  running  on  a  short  screw  that  pivots  in  a  slot  in 
the  end  of  the  lower  half,  and  swings  up.  in  order  to  clamp,  through 
a  corresponding  slot  in  the  upper  part  of  the  collar. 

The  slow  motion  is  given  to  the  clamp  and  telescope  by  a  fine 
screw,  and  opposing  cased  spring,  which  work  through  the  open 
lower  part  of  the  standard,  against  the  lev^r  arm.  This  screw  is 
quite  delicate  enough  for  use  in  taking  vertical  angles,  but  unfor- 
tunately it  gives  the  telescope  a  slight  motion  in  azimuth,  so  that 
if  a  small  object  be  bisected  by  the  vertical  threads,  and  then 
four  or  five  turns  taken  with  the  screw,  the  threads  will  move 
quite  appreciably  to  one  side.  This  renders  it  necessary  to  meas- 
ure horizontal  angles  with  the  clamp  free,  bringing  the  horizontal 
wire  into  position  by  hand ;  but  does  not  cause  any  trouble  in  alti- 
tude work. 

The  telescope  has  a  magnifying  power  of  about  32  diameters. 
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It  has  a  two-inch  achromatic  objective,  with  a  focal  length  of 
nearly  i6  inches.  The  objective  is  mounted  in  one  section  of  the 
main  tube,  and  the  other  section  contains  a  shorter  tube  carrying 
the  micrometer  eye-piece,  and  sliding  into  it  by  a  rack  and  pinion 
motion  of  about  two  inches,  enabling  an  object  within  25  feet  to 


Fig.  7. 


be  brought  into  focus.  The  back  of  the  micrometer  box  has  a 
couple  of  flat  parallel  bars  screwed  across  it,  forming  ways  which 
fit  over  the  bevelled  edges  of  a  flat  plate.  By  turning  two  oppos- 
ing capstan  head  screws,  bearing  on  the  opposite  sides  of  the  box, 
it,  and  the  attached  eye-piece,  can  be  slid  across  the  field.  This 
provides  the  means  of  bringing  the  centre  of  the  eye-piece,  with 
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the  fixed  thread,  into  the  line  of  coUimation.  This  slide  plate  is  on 
the  end  of  a  short  tube  which  fits  in  the  long  focusing  tube,  and 
which  is  capable  of  being  rotated  through  a  quadrant,  carrying 
with  it  box  and  eye-piece,  so  that  the  horizontal  thread  will  then 
be  vertical,  and  vice  versa.  This  movement  is  made  by  taking  out 
the  two  capstan  headed  screws  which  hold  the  short  tube  in  place, 
turning  the  tube,  and  then  putting  back  the  screws  in  another 
pair  of  holes  90°  from  the  first.  The  eye-piece  proper  is  of  the 
Steinheil  pattern.  Both  lenses  are  achromatic,  and  their  four  ex- 
posed surfaces  are  all  convex.  This  form  of  positive  eye- piece  is 
used  on  account  of  giving  a  very  flat  field.  It  is  focused  by  hand 
only,  fitting  in  a  short  tube  which  is  mounted  directly  on  the  mi- 
crometer box.  There  is  a  small  cap  with  a  dark  glass,  for  sun 
observations,  and  there  is  also  a  diagonal  eye-piece  for  high  angle 
work.  This  latter  screws  into  the  box  in  place  of  the  ordinary 
eye-piece,  the  thread  being  cut  on  a  swivel  coupling,  so  that  the 
eye-piece  may  be  rotated  anywhere  in  a  plane  perpendicular  to 
the  optical  axis  of  the  telespope.  The  eye-piece  consists  of  two 
tubes  fastened  at  right  angles  to  each  other,  each  containing  a 
pair  of  lenses.  The  pair  in  the  shorter  arm,  which  fastens  to  the 
micrometer  box,  throws  the  image  upon  the  inner  face  of  a  right 
angled  glass  prism,  which  reflects  it  through  the  other  pair  to  the 
eye.  There  are  a  number  of  adjusting  screws  to  hold  the  prism 
in  proper  position. 

The  eye-piece  micrometer  diflfers  somewhat  from  the  microscope 
micrometers,  although  the  arrangement  of  the  head,  the  long 
screw,  the  springs,  and  the  sliding  frame  is  very  similar.  The 
toothed  scale,  however,  is  not  fixed,  but  is  mounted  in  a  frame 
that  may  be  adjusted  by  a  short  screw  passing  through  the  end  of 
the  box,  and  screwing  into  the  frame,  and  working  against  a  short 
spiral  spring.  The  scale  is  placed  between  the  reticle  and  the 
eye-piece.  The  silvered  head  is  divided  into  fifty  equal  parts,  the 
value  of  each  part  being  about  2.5  seconds.  The  reticle  is  com- 
posed of  one  horizontal  and  two  close  vertical  spider  threads,  the 
former  fixed  and  the  latter  moved  by  the  head,  with  their  sliding 
frame.  This  micrometer  eye-piece  is  intended:  first,  to  obtain 
the  angle  between  two  objects,  both  in  the  field  of  view;  and 
second,  to  increase  the  accuracy  of  ordinary  angle  measuring,  by 
making  a  number  of  bisections  with  the  threads,  and  taking  the 
corresponding  readings   of  the   head,  for  every  pointing  of  the 
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telescope — ^a  method  the  value  of  which  is  evident,  especially  for 
hazy  weather. 

Light  for  illuminating  the  cross  wires  during  night  observa- 
tions, is  provided  through  the  horizontal  axis,  which  is  made  hol- 
low for  this  purpose.  A  small  elliptical  silvered  mirror,  placed  at 
the  intersection  of  the  axes  of  the  trunnions  and  of  the  telescope, 
reflects  the  light  upon  the  reticle.  This  mirror  is  mounted  upon  a 
short  rod,  which  passes  through  a  hole  in  the  telescope  tube,  fit- 
ting tight  enough  to  keep  it  in  position,  and  is  provided  on  the 

Fig.  8. 


outside  with  a  milled  head,  by  means  of  which  the  mirror  may 
be  turned  to  any  desired  angle.  Dust  is  prevented  from  entering 
the  telescope  through  the  hole  in  the  axis,  by  pieces  of  glass 
mounted  in  short  hollow  plugs,  which  are  inserted  in  the  ends  of 
the  axis.  Light  is  supplied  by  a  small  brass  lamp  resting  upon  a 
bracket  that  is  outrigged  diagonally  from  the  side  of  the  wye 
block,  where  it  is  hung  from  two  screws.  A  small  mirror  mounted 
on  the  end  of  a  steel  rod,  serves  to  reflect  the  light  into  the  hollow 
axis.  The  rod  passes  through  a  hole  in  the  end  of  a  pillar  that 
projects  from  the  front  of  the  wye  block,  the  end  of  the  pillar  being 
split,  so  that  it  holds  the  rod  by  friction. 
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The  vertical  circle  consists  of  a  hub  connected  with  a  stiff  half- 
inch  rim,  by  six  slender  taper  spokes.     It  is  graduated  to  ten  min- 
utes on  a  silver  ring  set  in  the  flat  face  of  the  rim,  and  reads  to 
ten  seconds  by  two  opposite  verniers.     The  circle  is  figured  every 
ten  degrees  in  quadrants,  with  the  90^  points  on  a  line  parallel  to 
the  axis  of  the  telescope.     There  is  a  similar  difficulty  in  reading, 
due   to  the  lack  of  distinction  between  the  various  subdivisions, 
that  has  been  noticed  when  treating  of  the  horizontal  limb.     The 
verniers  are  mounted  on  skeleton  arms  fixed  to  a  hub,  and  have 
the  usual  ivory  shades,  lettered  A  and  B.    (Fig.  8.)     A  five-inch 
chambered  level  attached  to  the  alidade  arm,  serves  to  show  when 
the  line  joining  the  zero  points  of  the  two  verniers  is  horizontal, 
in  which  position  the  mean  of  the  readings  of  the  verniers  gives 
the  zenith  distance  of  the  object  to  which  the  telescope  is  pointed. 
A  lever  arm  is  fixed  solidly  to  the  vernier  hub ;  and  brackets  with 
opposing  screws  are  attached  to  the  inner  sides  of  both  standard 
uprights,  to  receive  it.     By  moving  these  screws  the  level,  bubble 
may  be  brought  to  the  centre  of  its  run.     This  is  rather  trouble- 
some to  do,  as  the  screws  are  coarse,  and  the  level  relatively  deli- 
cate, in  spite  of  its  requiring  a  movement  of  seven  seconds  of  arc 
to  move  the  bubble  over  one  division  of  its  scale.     The  level  tube 
is  supplied  with  screws  to  adjust  its  height,  and  with  others  to  ro- 
tate it  about  its  axis. 

The  instrument  is  furnished  with  a  chambered  striding  level, 
reading  to  six  seconds  for  levelling  the  horizontal  axis.  It  is  also 
provided  with  a  sun-shade  for  the  telescope,  a  steel-pointed  brass 
plumb  bob,  a  reading-glass  (which  is  not  powerful  enough  to  be 
of  any  use),  a  camel's-hair  brush  for  removing  dust  from  the  lenses 
and  graduated  circle,  a  screw-driver,  and  a  full  set  of  adjusting 
pins. 

The  graduated  portions  of  both  circles,  the  verniers,  pointer-end, 
and  part  of  the  micrometer  heads  are  left  bright ;  the  handle  is 
nickel-plated,  and  the  rest  of  the  instrument  is  japanned — part  in 
a  brass  finish  and  part  in  a  dark  mottled  green. 

The  theodolite  is  packed  in  two  boxes.  The  telescope  is  taken 
out  of  the  wyes  and  placed  on  blocks  in  the  smaller  box,  where  it 
is  held  in  place  by  corresponding  blocks  in  the  cover.  The  rest 
of  the  instrument  is  placed  on  a  thick  plank  that  slides  into  the 
large  box,  and  is  wedged  tight  by  blocks,  while  secure  sockets  are 
provided  for  all  the  separate  pieces  and  the  tools.     All  are  so  snug 
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that  no  damage  would  be  done  by  moderate  jarring  or  by  placing 
the  boxes  wrong-side  up.  To  protect  the  instrument  in  travelling, 
the  boxes  are  placed  in  strong  padlocked  packing-cases,  with  a 
layer  of  excelsior  or  other  packing  material  around  the  inner  box. 
The  larger  case  is  nearly  two  feet  in  cube,  and  weighs  when  packed 
a  trifle  over  one  hundred  pounds. 


METHODS  OF  MEASURING  ANGLES   BY   ARCS  AND 

BY  SINGLE  ANGLE.* 

By  C.  G.  MASSA,  C.  E. 

The  theodolite  having  been  placed  in  position  over  the  station 
and  carefully  levelled  and  adjusted,  we  proceed  to  read  the  angles 
between  the  stations  visible  from  this  point.  With  a  direction  in- 
strument this  may  be  accomplished  by  either  one  of  two  methods  : 

1.  The  Method  of  Arcs  or  Directions. 

2.  The  Method  by  Single  Angle. 

I.  The  Method  of  Arcs  or  Directions. — In  this  method  the  tele- 
scope is  pointed  at  the  various  signals  in  succession,  the  reading 
of  the  limb  being  taken  at  each  pointing,  and  the  angles  between 
the  stations  are  obtained  by  subtracting  the  mean  reading  at  each 
station  from  that  at  the  next.  If  the  stations  observed  lie  entirely 
on  one  side  of  the  observing  station,  that  one  on  the  extreme  left 
is  taken  as  an  initial  station ;  if  not,  the  one  that  is  the  most  dis- 
tinctly visible  in  all  weathers.  So  important  has  it  been  deemed 
by  English  geodesists  to  have  the  initial  station  clearly  visible, 
that  they  have  been  in  the  habit  of  erecting  a  signal  at  a  short  dis- 
tance from  each  observing  station  for  this  especial  purpose;  but 
this  system  has  not  been  generally  employed  in  this  country, 
although  it  has  been  tried  in  some  few  instances  where  all  the 
stations  observed  upon  have  been  at  long  distances  from  the  ob- 
serving station. 

The  initial  signal  having  been  selected,  the  telescope  is  un- 
damped and  moved  until  the  pointer  reads  zero,  when  it  is  clamped. 
The  capstan-head  screws  or  other  fastenings  of  the  horizontal 
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limb  are  loosened  and  the  telescope  and  limb  turned  to  the  refer- 
ence station,  as  good  a  bisection  as  possible  being  made,  and  the 
limb  firmly  clamped.  Then  the  final  bisection  of  the  signal  is 
made  with  the  tangent  screw,  and  the  pointer  and  both  of  the 
microscopes  are  read  and  recorded,  forward  and  backward  mi- 
crometer readings  being  taken  in  order  to  correct  for  the  error  of 
run.  The  mean  of  the  microscope  readings  gives  the  direction  of 
the  initial  signal.  After  this  has  been  done  the  telescope  is  un- 
damped and  turned  to  the  next  signal,  which  is  bisected,  and  the 
microscopes  read  as  before,  and  this  process  is  repeated  for  each 
station  until  the  directions  of  all  the  signals  have  been  read.  After 
the  readings  of  the  micrometers  on  the  last  signal  have  been  re- 
corded the  pointing  is  again  examined,  and  if  it  proves  satisfactory 
the  same  readings  are  recorded  as  the  beginning  of  the  return  set ; 
if  not,  a  new  pointing  is  made,  and  the  micrometer  readings  taken 
and  recorded.  The  telescope  is  now  turned  in  the  reverse  direc- 
tion, and  readings  on  the  various  signals  are  taken  as  before,  fin- 
ishing with  the  initial  signal.  This  reading  should  coincide  very 
closely  with  that  first  obtained ;  if  it  does  not,  the  set  must  be  dis- 
carded and  a  new  one  taken.  When  the  set  forward  and  return 
has  been  finished,  the  telescope  is  reversed  about  its  horizontal 
axis  and  a  set  forward  and  return  taken  as  before.  This,  together 
with  the  direct  set  of  observations,  constitutes  a  series  of  readings, 
and  the  mean  direction  obtained  in  this  way  will  be  freed  from  the 
effect  of  residual  errors  of  collimation  and  lack  of  horizontality  of 
the  transit  axis,  also  from  the  eflTect  of  whatever  slight  eccentricity 
there  may  be  in  the  limb.  The  order  of  procedure  maybe  varied 
by  continuing  the  forward  set  in  each  case  and  completing  the 
horizon  by  reading  on  the  initial  station.  This  affords  an  addi- 
tional condition  {i.e,)  that  the  last  reading  shall  coincide  with  the 
first,  and  is  the  plan  pursued  by  the  U.  S.  Engineers  in  the  latter 
part  of  the  Lake  Survey ;  but  as  the  same  result,  except  for  the 
slight  effect  of  twist  in  the  vertical  axis  in  the  former  case,  is  ob- 
tained by  taking  the  reading  on  the  initial  station  at  the  end  of  the 
return  set,  the  completion  of  the  horizon  only  serves  in  the  case  of 
a  discrepancy  to  show  whether  the  error  occurred  in  the  forward 
or  return  set.  Now,  as,  if  such  a  discrepancy  does  occur,  the  whole 
series  has  to  be  repeated,  it  would  appear  that  very  little  practical 
advantage  is  gained  by  taking  this  extra  reading.  The  result  ob- 
tained as  the  mean  of  a  single  series,  although  free  from  the  effects 
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of  other  errors,  contains  the  full  effect  of  errors  of  graduation ;  and 
in  order  to  eliminate  this,  it  is  desirable  to  obtain  readings  on  each 
station  upon  as  many  different  parts  of  the  limb  as  possible.  This 
requires  that  a  number  of  series  of  readings  should  be  taken  with 
a  different  pointer-reading  on  the  initial  station  for  each  series. 
In  this  country  it  is  the  practice  to  take  a  prime  number  of  series, 
eleven  being  a  favorite  number  for  the  purpose,  with  the  object  of 
having  no  two  microscope  readings  on  the  same  station  fall  upon 
the  same  part  of  the  graduation,  no  matter  how  many  microscopes 
\  may  be  employed.     The  settings  of  the  pointer  are  made  at  dis- 

tances apart,  equal  to  ^-tt-,  where  N  represents  the  number  of  se- 

ries  to  be  taken.  With  this  system,  when  the  full  number  of  se- 
ries has  been  completed,  the  whole  limb  will  have  been  passed 
over.  The  engineers  in  charge  of  the  great  India  Survey  accom- 
plished this  in  a  slightly  different  way.  They  took  an  even  num- 
ber of  series,  usually  either  forty  or  fifty.  If  we  let  -Af  =  number  of 
microscopes  and  -A^=  number  of  series,  then  the  arc  between  the 

two  settings  of  the  pointer  =  ^t-jj.     Thus,  when  all  the  sets  were 

completed,  each  microscope  had  passed  over  the  angular  distance 
between  itself  and  the  next,  and  no  microscope  could  fall  twice  on 
the  same  portion  of  the  limb  in  pointing  at  the  same  signal.  But 
this  introduced  a  new  source  of  error.  For  if  we  divide  the  angle 
between  two  microscopes  by  40  or  50,  especially  in  their  instru- 
mentSy  which  had  a  large  number  of  microscopes,  it  gives  only  a 
very  small  angle  through  which  to  turn  the  limb  at  the  beginning 
of  each  series,  and  this  angle  is  not  large  enough  to  overcome 
the  effect  of  slight  irregularities  in  the  axis  of  the  plate  and  of  the 
telescope.  The  projections  of  the  one  catch  in  the  depressions  of 
the  other,  and  as  the  limb  is  not  turned  enough  to  entirely  disen- 
gage them,  a  decided  -twist  is  produced.  In  order  to  overcome 
this  difficulty  it  was  customary,  during  the  latter  part  of  the  Sur- 
vey, to  add  to  the  angle  obtained  by  the  formula  alone  half  the 
angle  between  two  adjacent  microscopes,  in  order  to  obtain  the 
pointer  settings.  Each  microscope  thus  passed  over  the  entire 
limb  at  least  once  without  having  any  two  readings  on  the  same 
point  This  system  gave  very  good  results,  but  required  different 
settings  for  instruments  provided  with  different  numbers  of  micro- 
scopes.    On  this  survey.  Colonel  Waugh  advocated  the  reading 
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of  three  series  with  the  same  initial  index  pointing,  in  order  that 
any  error  might  at  once  be  discovered  and  rectified  as  a  coinci- 
dence of  two  out  of  three  readings  would  prove  them  to  be  the 
correct  ones.  It  was  also  discovered  during  this  survey  that  with 
some  instruments,  especially  those  of  inferior  construction,  a  con- 
stant error  was  produced  in  a  chain  of  triangles  by  always  making 
the  initial  pointing  on  the  left-hand  stations.  Although  unable 
wholly  to  account  for  this  effect,  Colonel  Waugh  supposed  it  to 
be  due  to  irregularities  in  the  vertical  axis. 

Since  by  the  method  of  directions  the  angle  between  two  stations 
is  obtained  by  taking  the  difference  of  their  readings,  a  constant 
error  will  have  very  little  effect  on  the  final  result ;  and  in  order 
that  any  slight  error  that  occurs  may  be  constant,  it  is  desirable 
that  the  conditions,  under  which  the  pointings  and  readings  be- 
longing to  one  series  are  made,  should  be  as  nearly  the  same  as 
possible.  Hence  the  reading  should  be  made  rapidly  and  before 
flexure  of  the  plate  and  changes  of  temperature  have  time  to  affect 
the  adjustment  of  instrument ;  or  the  movement  of  the  sun  changes 
the  phase  of  the  signals  sighted.  The  illumination  on  the  por- 
tions of  the  limb  beneath  the  microscopes  should  always  fall  di- 
rectly from  above  or  parallel  to  the  direction  of  the  divisions,  and 
never  from  one  side,  for  this  gives  prominence  to  the  side  of  the 
cut  opposite  that  from  which  the  light  comes,  and  may  cause  the 
former  side  to  be  bisected  by  the  micrometer  wires,  instead  of  the 
centre  of  the  graduation.  This  is  to  be  particularly  guarded  against 
in  cases  where  the  graduations  are  deeply  cut.  The  theodolite 
should,  of  course,  be  protected  from  the  wind  and  the  direct  rays 
of  the  sun.  If  during  the  reading  of  a  series  of  angles,  any  of 
the  signals  should  become  invisible  and  remain  so  for  any  consid- 
erable length  of  time,  they  must  either  be  omitted  from  the  series 
entirely  or  when  they  reappear,  the  series  must  be  begun  over 
again.  For  if  any  delay  was  made  to  wait  for  the  signals  to  be- 
come visible,  some  of  the  conditions  might  change  from  those  pre- 
vailing at  the  beginning  of  the  series;  greatly  impairing  the  accu- 
racy of  the  work. 

This  method  of  angle  measuring  enables  us,  where  all  the  sur- 
rounding signals  are  visible  at  once,  to  obtain  a  series  of  readings 
on  all  the  observed  stations  in  a  short  time ;  and  by  taking  a 
number  of  such  series  on  different  parts  of  the  plate  a  very  accu- 
rate determination  of  all  the  angles  may  be  made, — if  good  instru- 
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ments  be  employed.  This  avoids  the  accumulative  effect  of  twist 
in  the  axis  prociuced  by  the  method  of  repetitions ;  and  although 
the  latter  only  requires  one  reading  of  the  circle  to  be  made  for  a 
number  of  repetitions  of  the  angle,  whatever  error  is  made  in  this 
reading  being  divided  by  the  number  of  repetitions,  the  method  of 
directions  only  requires  about  half  as  many  pointings  as  are  neces- 
sary for  reading  the  same  number  of  angles  repeated  an  equal 
number  of  times  by  the  method  of  repetitions ;  and  as  in  the  former 
method  there  are  likely  to  be  the  same  number  of  positive  and 
negative  errors  in  reading,  the  final  result  is  theoretically  free 
from  error. 

2.  The  Method  by  Single  Angles. — This  method  seems  to  have 
been  employed  on  many  of  the  earlier  triangulations.  especially 
those  executed  before  the  method  of  arcs  had  come  into  vogue. 
Dr.  Bremiker  mentions  that  the  French  observers  measured  each 
angle  independently,  including  that  one  necessary  to  complete  the 
horizon.  The  same  plan  was  adopted  by  Muffling  and  other  Ger- 
man geodesists,  while  Gauss  measured  by  single  angles  in  much 
the  same  manner  that  the  New  York  State  Survey  has  recently 
done.  This  method  has  not  been  used  generally  either  on  the 
United  States  coast,  the  English  ordnance,  the  Indian  or  the  Lake 
surveys  ;  nearly  all  of  their  angles  having  been  measured  by  direc- 
tions. But  there  have  been  certain  circumstances  under  which  it 
was  necessary  to  have  recourse  to  this  method. 

First. — When  but  one  angle  was  to  be  read  from  a  station,  in 
which  case  the  methods  of  arcs  and  of  single  angles  are  practically 
identical ;  and 

Second. — Where  but  a  couple  of  stations  were  visible  at  the 
same  time,  all  the  others  being  obscured  by  bad  light  or  haze.  In 
the  latter  case  observers  often  have  to  employ  the  single  angle 
system  in  order  to  avoid  wasting  time  while  waiting  for  clearer 
weather.  The  process  of  measuring  an  angle  by  this  method  is 
much  as  follows,  but  may  be  varied  somewhat  at  the  discretion  of 
the  observer.  The  limb  is  set  with  the  telescope  pointing  at  the 
station  and  clamped,  as  when  reading  by  arc.  The  micrometers 
are  read  and  then  the  telescope  turned  to  the  other  signal  and  the 
circle  read  again;  the  telescope  is  now  turned  back  over  the  arc  to 
the  first  station  and  the  limb  again  read.  This  may  be  done  sev- 
eral times  with  telescope  direct  and  then  an  equal  number  of  times 
with  it  reversed ;  or  each  angle  may  be  read  forwards  with  the 
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tdescope  direct  and  then  backwards  \\-ith  it  reversed,  or  vice  versa. 
In  the  New  York  State  Survey,  ais  many  combinations  of  angles 
as  possible  are  made ;  without,  however,  closing  the  horizon,  which 
it  would  generally  seem  advisable  to  do,  as  it  introduces  another 
condition.  Thus,  if  they  had  five  stations  to  read  upon,  the  angles 
would  be  arranged  in  the  following  way :  1-2,  1-3,  1-4,  1-5  ;  2-3, 

2-4,  2-5  ;  3-4,  3-5  ;  4-5  ;  or     ~> '  angles,  in  this  case  ten,  N, 

2 

being  the  number  of  stations.     A  new  setting  of  the  limb  is  taken 

for  each  angle  read,  the  settings  being  scattered  on  the  circle,  so 

that  no  part  is  read  twice  for  the  same  station. 

It  is  pretty  generally  conceded  that,  when  at  the  observing  station 
all  the  signals  show  out  clearly  and  sharply,  so  complete  sets  of 
directions  can  be  taken,  the  system  of  single  angles  causes  loss 
of  time,  often  taking  nearly  twice  as  long  to  obtain  measure- 
ments of  the  same  number  of  angles.  But  in  actual  practice  it  is 
very  commonly  the  case  that  signals  which  are  clear  in  the  morn- 
ing become  obscure  in  the  afternoon,  while  other  stations  which 
could  scarcely  be  seen  in  the  morning  show  out  strongly  by  after- 
noon light;  and  again,  sometimes  for  weeks  together  it  is  impos- 
sible to  see  all  the  signals  at  the  same  time,  different  stations  being 
poor  on  different  days. 

Now  in  both  these  cases  there  is  a  chance  to  make  a  great 
saving  in  time  by  reading  the  angle  between  any  two  signals  that 
happen  to  show  well  at  any  moment,  and  in  the  first  case  this  also 
allows  considerable  lengthening  of  the  hours  of  daily  work.  The 
length  of  time  that  it  often  takes  to  read  a  set  of  arcs,  permits  a 
chance  of  error  due  to  change  in  the  instrument  itself  and  also, 
when  mounted  on  a  observing  tower,  to  alteration  in  the  position 
of  the  theodolite  in  azimuth  from  the  actual  twisting  of  the  tower. 
This  trouble  increases  with  the  height  of  the  tower,  and  is  called 
station  twist.  Both  of  these  errors  are  eliminated  by  the  quick 
work  of  reading  a  single  angle.  Another  advantage  lies  in  the 
facility  with  which  the  value  of  the  work  may  be  judged  in 
the  field,  thereby  occasionally  saving  the  reoccupation  of  a  station 
for  rereadmg  weak  angles  ;  but  a  very  much  stronger  argument 
for  the  system  is,  that  only  two  stations,  or  one  station  and  a  refer- 
ence mark  (if  such  a  mark  be  employed)  are  needed  for  observing; 
thus  enabling  every  angle  to  be  read  under  the  very  best  conditions 
iring  the  most  accurate  work.     Frequently,  as  we  have 
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already  seen,  one  or  two  stations  have  to  be  omitted  from  a  series 
of  directions  on  account  of  mist,  poor  light,  or  negligent  helio- 
trophers  causing  a  great  deal  of  complication  in  the  reduction  of 
the  results,  which  would  have  been  avoided  by  reading  each  angle 
independently.  A  case  is  mentioned  in  the  work  of  the  United 
States  Coast  and  Greodetic  Survey  where  twenty  series  with  numer- 
ous omissions  were  taken  at  the  station  "  Helderberg  "  in  New 
York,  which  took  a  skilled  computer  some  four  weeks  to  get  into 
shape.  These  considerations  have  induced  the  New  York  State 
Survey  to  use  this  method  largely  in  their  work  and  those  in 
charge  recommended  its  use  in  the  future,  especially  for  primary 
work  in  their  final  report  of  the  Triangulation,  1887;  they  also 
cite  some  German  authors  who  are  very  strongly  in  favor  of  this 
single  angle  system.  Helmert  practically  advises  its  use  before 
any  other  ;  he  says,  *'  This  method  is  the  only  one  to  be  employed 
where  the  greatest  degree  of  precision  is  desired,"  and  he  men- 
tions besides,  that  it  is  the  only  way  in  which  lateral  refraction  is 
eliminated  or  measurable. 

Also,  Wright,  in  his  "  Adjustment  of  Observations  "  is  another 
advocate  of  single  angles.  It  is  evident,  however,  that  for  night- 
work  many  of  the  advantages  of  "  single  angle "  over  "  arcs  " 
disappear. 


THE  GLYCERINE  AND  ARTIFICIAL  BUTTER  INDUS- 
TRY UNDER  UNITED  STATES  PATENTS. 

By  EMIL  STAREK. 

Glycerine. 

Under  the  class  of  glycerides,  or  fats  and  fat  oils,  there  are  two 
industries  which,  of  late  years,  have  assumed  enormous  propor- 
tions, viz.,  the  manufacture  of  glycerine  and  artificial  butter. 

Glycerine  was  accidentally  discovered,  in  1779,  by  Scheele,  while 
preparing  lead-plaster  from  olive  oil  and  litharge,  and  to  which  he 
gave  the  name  of  "the  sweet  principle  of  fats."  Its  true  nature, 
however,  was  not  understood  until  after  the  researches  of  Chev- 
reul,  from  1812  to  1823.  the  results  of  which  appear  in  his  Re- 
cherches  sur  les  Corps  Gras  d'Origine  Animale,  and   Pelouze,  the 
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latter  of  whom  determined  its  exact  formula.  From  that  time 
great  impetus  was  given  to  the  glycerine  industry,  and  the  arts 
with  which  it  is  directly  associated,  viz.,  manufacture  of  soap  and 
candles. 

Glycerine  constitutes  the  base  of  most  fats  which,  chemically, 
are  the  salts  of  glycerine  and  one  or  more  of  the  fatty  acids.  It 
is  in  the  decomposition  of  these  "  salts,"  by  means  of  alkalies  or 
metallic  oxides,  that  the  glycerine  is  set  free,  and  the  fatty  acid 
and  alkali  or  metallic  oxide  combine  and  form  a  soap.  Accord- 
ingly, one  of  the  first  commercial  methods  introduced  for  the 
manufacture  of  this  article  was  to  saponify  fatty  acids  by  means 
of  lime,  and  then  distil  oflTthe  glycerine  by  means  of  superheated 
steam.  This  process,  however,  necessitated  the  use  of  sulphuric 
or  o-xalic  acid  to  neutralize  any  free  alkali,  and  to  decompose  the 
resulting  lime-soap  for  the  recovery  of  the  fatty  acids. 

No  early  American  patent  appears  to  have  been  issued  for  such 
a  process,  but  lime  is  used  as  an  adjunct  in  the  decomposition  of 
fats  by  superheated  steam  in  the  patent  to  Werk,  No.  21,71 1,  Oct. 
5,  1858-;  aad  later,  especially  under  patents  granted  to  Victor 
Litzelman,  No.  267^753,  Nov.  21,  1882;  Max  Ams  and  Victor 
Litzelman,  No.  272,510,  Feb.  20,  1883,  and  E.  O.  Baujard,  No. 
280,894,  July  10,  1883,  oxide  of  zinc  and  zinc,  oxide  of  tin  and 
chloride  of  lime,  and  a  mixture  of  zinc  oxide  and  lime  are  used  to 
effect  saponification  and  separation  of  the  fatty  acids  from  the 
glycerine  and  water. 

Commercially,  however,  glycerine  is  obtained  on  a  large  scale 
by  the  decomposition  of  fats  through  the  agency  of  superheated 
steam,  and  from  the  sub-lye  of  the  soap-maker.  In  1854,  under 
patent  No.  1 1,766,  Oct.  3,  1854,  R.  A.  Tilghman,  of  Philadelphia, 
subjected  "  fatty  or  oily  bodies  to  the  action  of  water  at  a  high 
temperature  and  pressure,  so  as  to  cause  the  elements  of  those 
bodies  to  combine  with  water,  and  thereby  obtain,  at  the  same 
time,  free  fat  acids  and  solution  of  glycerine." 

His  original  apparatus  is  illustrated  in  the  following  cut,  accom- 
panied by  a  portion  of  the  original  description  : 

Fig.  I.  of  the  said  drawing,  is  a  vertical  section  of  this  apparatus, 
and  Fig.  2  shows  the  various  parts  of  the  apparatus  in  horizontal 
section. 

Similar  parts,  in  these  figures,  are  marked  with  similar  letters  of 
reference. 
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The  fat  or  oil,  in  a  fluid  state,  is  placed  in  the  vessel  a,  with  from 
one-third  to  one-half  its  bulk  of  warm  water.  The  disk  or  piston 
b,  perforated  with  numerous  small  holes,  being  kept  in  rapid  mo- 
tion up  and  down  in  the  vessel  a,  causes  the  fat  or  oil  and  water  to 


form  an  emulsion  or  intimate  mechanical  mixture.  A  force-pump 
f,  like  those  in  common  use  for  hydraulic  presses,  then  drives  the 
mixture  through  a  long  coil  of  very  strong  iron  tube  i/:/rf(^,  which, 
being  placed  in  the  furnace  e  e,  is  heated  by  a  fire/ to  about  the 
temperature  of  melting  lead. 
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From  the  exit  end  g,  of  the  heating^  tubes  d  d,  the  mixture, 
which  has  then  become  converted  into  free  fat  acids  and  solution 
of  glycerine,  passes  on  through  another  coiled  iron  tube,  A  A//, 
immersed  in  water,  by  which  it  is  cooled  down  from  its  high  tem- 
perature to  below  212°  Fahrenheit,  after  which  it  makes  its  escape 
through  the  exit  valve  i  into  the  receiving  vessel. 

The  iron  tubes  employed,  and  found  to  be  convenient  for  this 
purpose,  are  about  one-inch  external  diameter  and  about  half-an- 
inch  internal  diameter,  being  such  as  are  in  common  use  for  Per- 
kins's hot-water  apparatus.  The  ends  of  the  tubes  are  joined 
together  by  welding  to  make  the  requisite  length  ;  but,  when  weld- 
ing is  not  practicable,  there  may  be  substituted  the  kind  of  joints 
used  for  Perkins's  hot-water  apparatus,  which  are  now  well  known. 
The  heating-tube,  ddd^  is  coiled  several  times  backward  and  for- 
ward, so  as  to  arrange  a  considerable  length  of  tube  in  a  moderate 
space.  The  different  coils  of  the  tube  are  kept  about  a  quarter  of 
an  inch  apart  from  each  other,  and  the  interval  between  is  filled  up 
solid  with  cast-iron,  which  also  covers  the  outer  coils  or  rows  of 
tubes  to  the  thickness  of  half  or  three-quarters  of  an  inch,  as  shown 
in  Fig.  2.  This  casing  of  metal  insures  a  considerable  uniformity 
of  temperature  in  the  different  parts  of  the  coil,  adding  also  to  its 
strength,  and  protecting  it  from  injury  by  the  fire. 

The  exit-valve  i  is  so  loaded  that  when  the  heating-tubes  dd d 
are  at  the  desired  working  temperature,  and  the  pump  c  is  not  in 
action,  it  will  not  be  opened  by  the  internal  pressure  produced  by 
the  application  of  heat  to  the  mixture,  and  therefore  when  the 
pump  c  is  not  in  action,  nothing  escapes  from  the  valve  i  if  the 
temperature  be  not  too  high ;  but,  when  the  pump  forces  fresh 
mixture  into  one  end,/,  of  the  heating-tubes  ddd,  the  exit-valve  / 
is  thereby  forced  open  to  allow  an  equal  amount  of  the  mixture 
which  has  been  operated  upon  to  escape  out  of  the  cooling-tubes 
h  h  at  the  other  end  of  the  apparatus.  No  steam  or  air  should  be 
allowed  to  accumulate  in  the  tubes,  which  should  be  kept  entirely 
full  of  the  mixture  by  properly  increasing  the  speed  of  the  ma- 
chinery to  make  the  current  in  the  tubes  sufficiently  rapid  to  carry 
out  any  air  remaining  in  the  tubes. 

In  1859,  Wright  &  Fouche,  patent  No.  22,765,  Jan.  25,  1859, 
constructed  an  apparatus  whereby  "  a  continuous  automatic  circu- 
lation of  highly-heated  water,  in  a  very  finely  divided  state,  through 
the  bodies  under  treatment "  effected  the  decomposition  described 
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by  Tilghman.  Since  then,  apparatus  has  been  devised  whereby 
the  fats  are  subjected  to  thorough  agitation  during  the  action  of 
the  steam,  and  are,  also,  thoroughly  atomized  while  undergoing 
decomposition.  In  this  connection,  attention  is  particularly  called 
to  patents  toF.  Sahlfeld,  No.  201,704,  March  26,  1878 ;  A.  Kuehne, 
No.  215,372,  May  13,  1879,  ^"^  Benjamin  T.  Babbitt,  No.  275,976, 
April  17,  1883,  and  No.  316,104,  April  21,  1885. 

Of  late  years,  attempts  have  been  made  to  recover  glycerine 
from  soap-makers'  lye  or  sub-lve. 

Among  the  first  patents  granted  for  the  treatment  of  sub-lye  for 
the  recovery  of  glycerine  is  that  to  Benjamin  T.  Babbitt,  No.  107,- 
324,  September  13,  1870,  which  is  described  in  another  connection 
in  this  report. 

C.  V.  Clolus,  under  patent  No.  242,272,  May  31,  1883,  recovers 
the  glycerine  from  soap  lyes  by  treating  the  same  with  hydrochlo- 
ric acid  to  the  point  of  neutralization,  which  decomposes  any  fatty 
bodies,  liberating  the  fatty  acids,  which  are  removed.  The  clear 
neutral  liquor  is  evaporated  to  about  32°  Baume;  at  this  point 
any  precipitated  salt  is  removed,  and  the  glycerine  extracted  by 
centrifugal  action.  The  liquor  is  treated  by  blowing  air  through 
the  same,  which  removes  the  last  traces  of  water,  and  as  salt  is 
relatively  less  soluble  in  anhydrous  glycerine,  most  of  the  salt 
crystallizes  out.  As  a  final  result  of  the  evaporation,  there  re- 
mains a  highly  concentrated  glycerine  mixed  with  crystals  of  salt, 
which  subjected  to  centrifugal  action,  separates  the  glycerine ; 
this  product,  however,  is  immediately  contaminated  with  fatty 
matter,  and  is  not  so  pure  as  that  treated  by  later  processes. 

J.  P.  Battershall,  No.  251,992,  January  3,  1882,  neutralizes  the 
alkalies  of  the  soap  liquor  by  sulphuric  acid,  or  adds  an  excess  in 
case  it  contains  resin  or  fat,  which  latter  is  subsequently  removed 
by  straining;  the  liquor  is  then  boiled  and  concentrated  to  about 
one-tenth  of  its  original  volume,  which  in  cooling  assumes  the 
consistency  of  syrup  or  paste.  This  paste  is  then  treated  in  a 
centrifugal  machine,  and  the  crude  glycerine  is  thus  separated. 

Among  the  first  patents  which  set  forth  an  economic  and  rational 
treatment  of  this  by-product,  is  that  granted  to  A.  Domeier  and 
0.  C.  Hagemann,  of  London,  No.  371,127,  October  4,  1887.  By 
the  process  therein  set  forth  the  soapy  matters  are  precipitated  in 
the  form  of  insoluble  soaps,  the  lye  subsequently  concentrated  by 
boiling,  and  the  further  remaining  fatty  and  resinous  constituents 
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are  finally  decomposed  by  means  of  hydrochloric  acid,  and  re- 
moved mechanically  with  clay  or  alumina.  Any  remaining  albu- 
minous matters  are  removed  by  heating  in  the  presence  of  soda, 
and  the  crude  glycerine  resulting  from  these  operations  may  be 
distilled  and  refined  in  the  ordinary'  way.  In  some  cases  where 
resin  soap  is  manufactured  simultaneously  with  glycerine,  a  quantity 
of  resin  is  added  to  the  lye  after  the  lime  has  settled,  the  alkali  in 
the  lye  combining  with  the  resin  forming  a  soap  which  is  subse- 
quently removed.  This  step  is  covered  by  patent  to  the  same 
parties.  No.  385,105,  June  26.  1888.  In  the  patent  to  E  K.  Mit- 
ting,  No.  385,367.  July  3,  1888,  the  fatty  and  resinous  impurities 
are  removed  by  combining  with  a  precipitate  of  barium  or  stron- 
tium formed  directly  in  the  liquor  by  the  addition  of  a  soluble 
chloride  of  these  metals,  and  subsequent  addition  of  sulphuric  acid. 
The  salt  which  is  recovered  from  the  spent  lyes  is  purified  by  a 
series  of  washings  which  remove  therefrom  the  crude  glycerine 
occluded  by  the  salt  in  the  process  of  crystallization.  However, 
the  latest  attempts  have  been  directed  toward  preventing  this  me- 
chanical occlusion  and  adherence  of  glycerine,  which  must  be  re- 
moved in  the  final  stage  of  the  operation.  For  this  purpose,  ap- 
paratus has  been  devised  whereby  an  undue  accumulation  of  the 
salt  crystals  in  the  presence  of  the  lye  undergoing  ebullition  is 
avoided,  and  the  occlusion  above  referred  to  is  prevented.  This 
result  is  accomplished  by  freeing  the  boiling  portion  of  the  glyce- 
rine liquor  from  the  mineral  precipitates  as  fast  as  they  are  formed 
by  removing  them  to  another  and  quiescent  portion  of  the  liquor, 
both  portions  being  separable  at  need,  thereby  temporarily  cutting 
off  the  boiling  liquor  from  the  precipitates.  This  apparatus  and 
process  covered  by  it  are  described  in  patent  to  A.  Domeier  and 
A.  C.  Hagemann,  No.  428,468,  May  20,  1890.  The  following 
sectional  view,  together  with  the  description  attached,  will  illus- 
trate the  principle  covered  by  said  patent : 

A  is  the  boiler  or  vessel  in  which  the  concentration  is  effected, 
B  the  inclosing  brick-work  or  fire-clay,  and  C  the  fire-space. 

D  are  metal  plates  forming  the  outer  walls  of  the  apparatus. 

E  and  F  are  respectively  girders  and  columns  to  carry  the  ap- 
paratus. 

G  is  the  part  into  which  the  precipitated  salts  fall  as  formed,  and 
which  can  be  separated  from  A  by  the  closing  of  the  valve  H  by 
means  of  the  hand-wheel  I. 
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G*  is  a  door  through  which  the  collected  matter  in  G  can  be 
removed,  and  G'  a  strainer  or  perforated  plate. 

G^  is  a  pipe  through  which  soap-lye  or  brine  containing  less 


Fig.  3. 


glycerine  than  the  liquor  adhering  to  the  mineral  crystals,  or  pure 
brine,  can  be  admitted  for  the  purpose  of  washing  the  crystals  of 
the  mineral  deposits  free  from  the  glycerine  liquor  adhering  to 
them,  the  deposits  remaining  upon  the  perforated  plate  or  filter  G*, 
and  the  liquor  passing  through  the  perforated  plate  or  filter  and 
escaping  by  the  pipe  G*,  from  which  it  may  be  collected  for  re-use 
in  any  convenient  manner. 
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At  the  commencement  of  the  operation  the  vessel  A  is  filled 
with  the  soap- lye,  which  fills  also  the  receptacle  G,  the  communi- 
cation between  A  and  G  being  open,  the  pipes  G'  and  G*  being 
closed  by  suitable  stop-cocks  or  equivalent  devices.  Then  as  the 
glycerine-liquor  becomes  more  concentrated,  the  precipitates  as 
formed,  instead  of  accumulating  in  the  boiling  liquor,  pass  into  the 
receptacle  G,  it  being  remembered  that  the  liquor  in  A  is  boiling 
while  the  liquor  in  G  is  quiescent,  the  crystals  being  thus  removed 
immediately  as  formed  from  contact  with  the  boiling  liquor.  The 
fresh  glycerine-liquor  which  it  is  from  time  to  time  necessary  to 
feed  into  the  apparatus  may  be  supplied  from  below  through  the 
pipe  G*  into  the  quiescent  portion,  where  most  of  it  displaces  the 
old  liquor  by  pushing  it  into  the  boiling  portion,  and  is  itself  only 
very  gradually  intermixed  with  the  stronger  liquor.  As  soon  as 
the  receptacle  G  is  filled,  or  so  far  filled  as  may  be  desirable,  with 
the  deposited  crystals  the  valve  H  is  closed  and  the  cocks  G'  and 
G*  are  opened,  and  after  removing  any  excess  of  liquor  through  G* 
the  washing  is  effected  by  passing  the  washing-liquor  through  the 
crystals  by  way  of  the  cock  G*  and  removing  it  through  G*.  As 
soon  as  this  washing  is  finished  the  valves  G'  and  G*  are  closed,  the 
door  G^  opened,  and  the  crystals  freed  from  glycerine  removed 
from  G,  and  the  door  G*  again  closed.  The  valve  H  can  now  be 
again  opened  and  the  process  conducted  as  before,  or  the  receptacle 
G  may  first  be  filled  with  another  charge  of  the  liquor  to  be  evapo- 
rated previous  to  opening  the  valve  H.  the  air  in  chamber  G  es- 
caping during  this  operation  by  the  vent  g. 

Some  manufacturers  have  avoided  the  use  of  salt  altogether  by 
precipitating  soap  from  soap-stock  by  the  addition  of  an  excess  of 
alkali,  which  excess  remains  in  solution.  It  can  be  removed  by 
absorption,  by  treating  with  more  tallow  or  fat,  as  described  by  the 
patent  to  B.  T.  Babbitt,  No.  107,324,  September  13,  1870.  E.  D. 
Mellen,  however,  under  patent  No.  422,140,  February  25,  1890, 
separates  this  excess  of  alkali  by  saturating  the  solution  of  gly- 
cerine and  alkali  by  carbonic  acid,  converting  the  alkali  into  a 
bicarbonate,  in  which  form  it  is  insoluble  in  glycerine.  The  gly- 
cerine may  then  be  further  purified. 

Where  milk  of  lime  or  hydrated  caustic  lime  has  been  used  to 
precipitate  insoluble  soaps  from  the  sub-lye,  the  conversion  of  this 
precipitate  into  the  hydrated  oxide  and  the  recovery  of  the  fatty 
acid  combined  therewith  is  effected,  as  described  by  E.  K.  Mitting, 
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Xo.  428,566,  May  20,  1890,  by  treating  the  precipitate  with  acid, 
such  as  hydrochloric,  which  results  in  a  soluble  chloride  of  the 
metal,  and  a  free  fatty  acid  which  is  removed  and  purified.  The 
soluble  chloride  is  treated  with  an  alkali-caustic  soda,  which  pre- 
cipitates the  hydroxide  of  the  original  metal,  and  the  salt  produced 
by  the  union  of  the  acid  and  alkali  and  which  finds  its  way  into 
the  spent  lye  is  recovered  in  the  subsequent  evaporation. 

Besides  hydrated  lime,  the  hydrate  of  iron  has  been  used  which 
has  the  property  of  precipitating  the  insoluble  soaps  in  a  very  basic 
form.  A  late  patent  covering  this  feature  is  that  of  Domeier  & 
Hagemann,  No.  453,829,  June  9,  189 1.  In  this  case  any  free 
alkali  is  first  neutralized,  the  hydrated  iron  oxide  is  then  added 
which  decomposes  the  soapy  matters,  and  the  alkali  set  free  by 
the  decomposition  is  further  neutralized  by  suitable  acid,  and  the 
resulting  salt  recovered  in  the  subsequent  concentration ;  the  me- 
tallic soaps  settle  and  are  removed,  while  the  crude  glycerine  is 
distilled. 

The  following  are  some  of  the  more  important  American  patents 
showing  the  development  of  the  glycerine  industry  as  outlined 
above : 


R.  A.  Tilghman,  . 
M.  Werk,      . 
Wright  &  Fouch6, 

B.  T.  Babbitt, 
F.  Sahlfeld,  . 

A.  Keuhne,  . 

C.  V.  dolus, 

J.  P.  Batterghall,    . 

V.  Litzelmann, 

Max  Ams  &  V.  Litzelmann, 

B.  T.  Babbitt, 
E.  O.  Baujard, 
B.  T.  Babbitt, 
Domeier  &  Hagemann, 
Domeier  &  Hagemann, 
E.  K.  Mitting, 

E.  D.  Mcllcn, 
Domeier  &  Hagemann, 
£.  K.  Mitting, 
Domeier  &  Hagemann, 


.  No.  11,766,  Oct.  3,  1854. 
,     No.  21,711,  Oct.  5.  1858. 

No.  22,765,  Jan,  25,  1859. 

No.  107,324,  Sept.  13,  1870. 

No.  201,704,  March  26,  1878. 

No.  215,372,  May  13,  1H79. 

No.  242,272,  May  31,  1881. 

No.  251,992,  Jan.  3,  1882. 
No.  267,753,  Nov.  21,  1882. 
No.  272,510,  Feb.  20,  1883. 
No.  275,976,  April  17, 1883. 

No.  280,894,  July  10,  1883. 
No.  316,104,  April  21,  1885. 

No.  371,127,  Oct.  4,  1887. 
No.  385,105,  June  26,  1888. 

No.  385,367,  July  3,  1888. 

No.  422,140,  Feb.  25,  1890. 

No.  428,468,  May  20,  1890. 

No.  428,566,  May  20,  1890. 

No.  453*829,  June  9,  1891. 


Artificial  Butter. 

Mege  Mouriez  while  investigating  the  subject  of  milk  and  its 
productions  noticed  that  cows  which  had  been  deprived  of  food 
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continued  to  give  milk,  which  milk  continued  to  yield  butter. 
He  inferred  from  this  that  the  fat  of  the  milk  was  changed  to 
butter.  In  1869  he  instituted  a  series  of  investigations  at  the 
suggestion  of  the  late  Emperor  Napoleon  III.,  to  make  a  substi- 
tute for  ordinary  butter  from  the  fat  of  animals.  He  succeeded  in 
making  an  excellent  substitute,  by  extracting  the  oleine  from  fat 
and  churning  this  with  milk  and  water,  to  which  annatto  was 
added  for  color ;  the  mass  was  subsequently  salted  and  the  result- 
ing product  constituted  a  palatable  butter  substitute. 

Nothing  prior  to  the  patent  to  M.  Mege,  146,012,  December 
30,  1873,  w«^s  patented  in  this  country  which  could  properly  be 
termed  "  artificial  butter,"  that  is,  where  natural  fat  was  subjected 
artificially  to  processes  analogous  to  those  which  it  undergoes  in 
the  elaboration  of  the  cow's  fat  through  her  cellular  and  mammary 
tissues,  and  at  the  necessary  temperature.  Common  butter  had 
been  compounded  with  foreign  materials  like  the  yolk  of  eggs  and 
fresh  milk  to  improve  it,  and  a  patent  to  this  effect  was  issued  to 
Mrs.  D.  H.  McGregory,  No.  68,639,  September  10,  1867,  but  this 
although  amounting  to  an  artificial  product  did  not  constitute  ''arti- 
ficial butter.'^  Other  artificial  products,  prior  to  the  Mege  patent 
are  described  by  H.  W.  Bradley,  No.  110,626,  January  3,  1871, 
and  A.  Paraf,  No.  137,564,  April  8,  1873.  The  Bradley  product 
was  merely  a  mixture  of  beef  or  mutton  suet,  vegetable  or  fixed 
oils,  and  hog's  lard,  and  was  simply  an  attempt  to  make  a  suitable 
substitute  for  lard  from  the  grosser  fats.  The  Paraf  patent  was  a 
step  in  the  direction  taken  by  Mege,  but  did  not  go  beyond  a  mere 
separation  of  the  oleomargarine  from  the  stearine  and  membrane 
of  the  'fat,  although  based  on  the  physiologic  principle,  that  the 
nutritive  property  of  animal  fat  is  confined  mostly  to  the  oleomar- 
garine, the  stearine  being  oxidized  by  pulmonary  respiration. 

The  Mege  process  may  be  divided  into  four  distinct  steps,  (i) 
Crushing,  grinding  or  disintegrating  the  fat  by  any  suitable  ma- 
chinery and  washing  the  same  by  a  stream  of  water  which  sepa- 
rates all  soluble  matter.  (2)  The  separation  and  removal  of  the 
membrane  and  foreign  material  by  gastric  juice,  produced  from 
the  half  of  the  sheep's  stomach  treated  with  three  litres  of  water 
containing  thirty  grammes  of  bisulphate  of  lime.  This  step  should 
be  conducted  at  a  temperature  of  about  125°  Fahr.  (3)  The  puri- 
fied fat  is  packed  in  sacks  of  woolen  or  cotton  cloth  and  subjected 
to  pressure  or  to  centrifugal  action.    The  oleomargarine  separates 
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from  the  stearine,  but  the  temperature  must  be  kept  to  about  80° 
Fahr.,  to  allow  the  oleomargarine  to  flow  freely.  (4)  Churning 
the  oleomargarine  with  a  small  quantity  of  curds  of  milk  or  pure 
milk,  and  adding  common  salt  and  suitable  coloring  matter,  e.g,^ 
annatto.  Butter  made  by  this  process  contains  about  86  per  cent, 
of  fat,  I  per  cent,  of  casein  and  ash,  and  13  per  cent,  of  water,  com- 
paring favorably  with  ordinary  market  butter  which  contains  Z6 
per  cent,  of  fat,  ^  per  cent,  of  casein,  ^  per  cent,  of  ash,  and  14 
per  cent,  of  water. 

In  1874,  W.  E.  Andrew,  patent  No.  153,999,  August  11,  1874, 
effected  a  separation  of  the  oleomargarine  by  subjecting  the  fat  to 
pressure,  at  a  temperature  sufficient  to  effect  such  separation,  and 
allowing  the  oily  product  to  run  off  to  a  cool  place  as  fast  as  ex- 
pressed, and  without  the  use  of  water.  John  Hobbs,  patent  No. 
154,251,  August  18,  1874,  avoided  the  use  of  alkalies  used  in  the 
Mege  process,  by  mixing  molten  tallow  freed  from  animal  tissue, 
with  churned  cream,  allowing  this  to  granulate,  and  finally  whip- 
ping the  same  until  it  assumes  a  frothy  appearance. 

G.  Cosine,  patent  No.  173,591,  Fepruary  15,  1876,  makes  a 
mixture  of  animal  oleine,  olive,  peanut  or  almond  oil,  lactic  acid, 
and  lappered  cream  or  milk. 

Dr.  O.  Boysen,  patent  No.  236,483,  January  11,  1881,  adds 
butyric  acid  to  oleomargarine  partially  saponified  by  bicarbonate 
of  soda ;  and  W.  H.  Burnett,  patent  No.  266,580,  October  24,  1882, 
makes  an  intimate  mixture  of  lard,  beef-suet,  butter,  glycerine 
salt,  water,  and  coloring  matter. 

It  will  be  observed  that  all  the  patents  granted  since  the  patent 
to  Mege,  contemplate  the  incorporation  in  one  way  or  another,  of 
the  butter  principle  of  cream  or  milk  with  one  or  all  the  constitu- 
ents of  animal  fat. 

To  recapitulate :  The  leading  United  States  patents  which  dis- 
close the  progress  of  the  artificial  butter  industry  are  : 


A.  Paraf,  . 
H.  M6ge,  . 

"    "      Reissue, 
W.  E.  Andrew, 
John  Hobbs, 
G.  Cosine, 
H.  M^ge,  Reissue, 
Dr,  O.  Boysen, 
H.  Mdge,  Reissue, 
W.  H.  Burnett, 


No.  137,564,  April  8,  1873. 
No.  146,012,  Dec.  30,  1873. 
No.  5868,  May  12,  1874. 
No.  153,999,  Aug.  11,1874. 
No.  154,251,  Aug.  18, 1874. 
No.  I73,59«,  Feb.  15,1876. 
No.  8424,  Sept.  24,  1878. 

No.  236,483,  Jan.  II,  1881. 

No.  10,137,  June  13,  1882. 
No.  266,580,  Oct.  24,  1882. 
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PRELIMINARY  NOTICE  OF  THE  REDUCTION  OF 
RUTHERFORD'S  STAR-PLATES. 

By  JOHN  K.  REES. 
(Read  at  Meeting  of  National  Academy  of  Sciences,  November  12, 1891,  New  York  City.) 

Over  thirty  years  ago,  Lewis  M.  Rutherfurd  began  in  this  city 
his  experiments  in  astronomical  photography.  He  continued  his 
work  for  twenty  years.  No  photographs  were  taken  after  the  year 
1877. 

Previous  to  1868.  Mr.  Rutherfurd  had  experimented  with  various 
telescopes,  both  refracting  and  reflecting.  His  best  photographs, 
up  to  that  time,  were  taken  with  a  refracting*  equatorial,  corrected 
for  chemical  rays  of  light.  This  telescope  was  1 1 J^  inches  in 
aperture,  and  had  two  object-glasses,  one  for  seeing  and  the  other 
for  photographing.  The  seeing  lens  was  unscrewed  from  the  tube 
and  the  photographing  lens  was  put  into  its  place  when  photo- 
graphs were  to  be  taken.  This  telescope  was  sold  to  Dr.  Gould, 
for  use  at  (Cordoba,  in  the  Argentine  republic.  The  object-glass 
was  broken  in  transit.  It  was  put  together,  and  some  photographs 
were  taken  with  the  broken  lens ;  but  afterwards.  Dr.  Gould  had 
another  lens  made,  with  which  he  obtained  many  plates  of  the 
southern  clusters. 

Mr.  Rutherfurd  devised  and  constructed  his  own  measuring 
machine  for  measuring  the  star-plates.  This  was  arranged  to 
measure  position-angle  and  distance  of  every  star  on  a  plate  from 
a  central  star.  The  distance-measures  depended  (up  to  1572)  en- 
tirely on  readings  of  a  micrometer-screw.  With  this  machine,  Mr. 
Rutherfurd  had  measures  made  on  many  of  the  star-plates,  among 
them  the  Pleiades  and  Praesepe  clusters.  These  measures  were 
reduced  by  Dr.  Gould,  who  presented  his  results  to  the  National 
Academy  in  papers  read  in  August,  i865  (on  the  Pleiades), 
and  in  April,  1870  (on  the  Praesepe  group).  In  these  reduc- 
tions, Dr.  Gould  showed  the  great  accuracy  of  the  measures,  and 
hence  the  immense  value  of  the  method  for  determining  parallax 
and  relative  proper  motions.  Owing  to  circumstances,  not  neces- 
sary to  detail  here,  these  papers  were  not  published  until   1889, 
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when  they  appeared  in  Vol.  IV.  of  the  Memoirs  of  the  National 
Academy  of  Sciences. 

After  1868,  Mr.  Rutherfurd  finished  a  new  form  of  photograph- 
ing telescope.  He  wished  to  be  able  to  use  his  telescope  for  seeing 
or  for  photographing  without  being  compelled  to  take  out  the 
seeing  object-glass.  He  therefore  constructed  a  third  lens  which, 
l>etng  placed  outside  the  ordinary  object-glass,  converted  the  tele- 
scope into  a  photographing  instrument.  The  aperture  of  the  tele- 
scope was  13  inches.  Its  visual  focus  was  15  feet  2  inches,  and 
its  photographic  focus  was  13  feet.  In  his  work  he  took  account 
of  the  effect  of  temperature  on  the  length  of  the  galvanized  iron 
tube. 

This  telescope,  with  most  of  the  instruments  in  his  observatory, 
he  gave  to  the  Columbia  College  Observatory,  in  December,  1883. 
It  is  now  mounted  in  the  college  observatory,  1 10  feet  above 
ground,  and,  unfortunately,  within  250  feet  of  one  of  the  greatest 
railroads  in  the  United  States. 

After  1868,  all  the  photographs  were  taken  with  this  improved 
instrument.  Mr.  Rutherfurd  also  improved  his  measuring  machine 
by  using  di  glass  scale,  one  division  being  equal  to  ten  revolutions 
of  the  micrometer  screw.  Thus,  he  used  the  screw  only  for  a  few 
revolutions.  He  also  graduated  a  circle  on  glass,  which,  however, 
he  did  not  employ  in  making  measurements. 

The  new  machine  was  used  in  making  all  measures  after  1872. 
This  machine  was  also  presented  to  Columbia  College  in  1883, 
For  a  number  of  years  thereafter  it  was  loaned  to  Dr.  Gould,  who 
used  it  in  measuring  at  Cambridge,  Mass.,  the  plates  taken  in 
South  America. 

On  November  13,  1890,  Mr.  Rutherfurd  gave  all  his  best  nega- 
tives to  Columbia  College.  This  valuable  collection  of  photographs 
of  the  sun,  the  moon,  and  the  star-clusters,  has  been  placed  in  a 
fire-proof  vault  by  direction  of  President  Low.  A  complete  list  of 
these  negatives  has  been  prepared,  and  the  New  York  Academy 
of  Sciences  has  published  the  catalogue  in  its  Annals,  vol.  vi., 
June,  1 89 1.     This  catalogue  shows  : 

175  plates  of  the  Sun,  taken  between  ....  1 860- 1874, 

174  "  Solar  spectrum,  taken  between  .         ,  1860-1874. 

435  "  Moon,  taken  between       ....  1858- 1877. 

604  •*  Star-clusters,  taken  between      .        .         .  1858-1877. 
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Some  of  the  principal  star-plates  may  be  mentioned : 


33  plat( 

es  of  44  Bootis,  taken  between 

« 

■ 

1868-1875. 

12          < 

*        B.  A.  C ,  8083  (Cassiopeae),  taken  between 

1873 -1874. 

27         • 

*        n  Cassiopea*,  taken  between     .        .        .        , 

.     1870-1873. 

58       * 

*        /i  Cassiope%,  taken  between     . 

.     1868-1873. 

IS      • 

*        ^  ^ygni,  taken  between    . 

.     1875-1876. 

24         * 

*        21  Cygni,  taken  between 

1875-1876. 

22          ' 

*        61  Cygni,  taken  between 

.     1871-1876. 

19          * 

*        71  Cygni,  taken  between 

.     1875- 1876. 

27          * 

*        Perseus  clusters,  taken  between 

.     1865- 1874. 

54        * 

*        Pleiades,  taken  between 

.     1865-1874- 

23          * 

*        Praesepe,  taken  between  . 

.     1865-1877. 

23          * 

*        1830  Groombridge,  taken  between  , 

.     1872-1874. 

When  this  collection  of  negitives  was  turned  over  to  the  Obser- 
vatory of  Columbia  College,  it  was  arranged  with  Mr.  Rutherfurd 
to  have  the  work  of  reduction  of  the  measures  of  the  star-plates 
pushed  forward  as  rapidly  as  possible.  At  my  suggestion,  Mr. 
Harold  Jacoby,  of  the  Observatory,  undertook  the  reduction  of 
the  Pleiades-plates  taken  with  the  13-inch  and  measured  with  the 
improved  machine. 

These  reductions  are  now  almost  completed,  and  seem  to  indi- 
cate an  accuracy  of  measures  comparable  with  the  best  recent 
heliometer  work.  This  Observatory  will  publish,  very  soon,  in 
the  Annals  of  the  New  York  Academy  of  Sciences,  a  complete 
account  of  these  reductions,  as  well  as  a  description  of  the  instru- 
ments used  and  methods  employed.  Our  desire  is  to  go  forward 
in  these  reductions  until  we  have  finished  all  the  measures  made 
by  Mr.  Rutherfurd  with  the  improved  machine.  These  measures 
fill  some  twenty  folio  volumes  of  about  two  hundred  pages  each. 
Then,  when  all  the  measures  are  reduced,  we  may  be  able  to 
measure  the  many  negatives  that  remain  unmeasured,  and  proceed 
to  their  reduction. 

The  members  of  the  National  Academy  of  Sciences  thus  are  made 
aware  that  the  college  in  which  Mr.  Rutherfurd  was,  for  twenty- 
six  years,  an  honored  and  most  efficient  trustee,  is  determined 
to  put  into  useful  and  permanent  shape  the  star-work  of  their 
eminent  colleague,  who  did  so  much  to  originate  means  and 
methods,  and  gave  most  invaluable  direction  and  impulse  to  astro- 
nomical photography. 

Columbia  College  Observatory,  November,  1 89 1. 
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Remarks  by  Dr.  B.  A.  Gould. 

It  affords  me  especial  pleasure  to  know  that  these  long  kept 
measurements  of  the  earliest  photographs  available  for  astronomi-*- 
cal  determinations  are  now  to  be  made  available  for  scientific  use. 
This  college,  which  Mr.  Rutherfurd  held  in  such  affection,  and  to 
which  he  has  presented  all  his  astronomical  appliances — unsur- 
passed in  themselves  and  now  endowed  with  exceptional  historic 
value — is  the  fittest  place  for  the  computations  to  be  carried  out '; 
I  and  I  am  confident  that  the  work  will  be  well  done  under  the 

direction  and  guidance  of  Prof  Rees  and  his  assistant  Mr.  Jacoby. 

Mr.  Rutherfurd  was  the  originator  and  the  introducer  of  the 
photographic  method  of  observation.  To  him  is  due  the  first  idea 
and  employment  of  an  object-glass  constructed  for  employing  the 
chemical  rays  rather  than  the  visual  ones ;  as  also,  later,  that  of 
the  "  photographic  corrector ''  for  adapting  an  ordinary  object- 
glass  to  its  best  use  in  securing  sharp  definition  of  the  stars  upon 
the  sensitive  plate.  He  personally  planned  the  construction  of 
the  first  instruments  of  each  of  these  classes,  prescribed  the  curves 
for  the  several  surfaces  of  the  lenses,  and  superintended  the  prepa- 
ration of  the  object-glasses, — which  were  made,  with  Mr.  Fitz's 
assistance,  in  his  own  house,  by  methods  devised  and  made  prac- 
tical by  himself  alone.  So  too  was  it  he  who  introduced  the  pre- 
cautions by  which  the  sensitive  film  was  guarded  against  distor- 
tion; it  was  he  who  first  devised  and  constructed  micrometric 
apparatus  for  measuring  the  impressions  upon  the  plates  ;  and  he 
who  first  put  this  apparatus  into  practical  use  in  executing  the 
measurements.  The  large  and  delicate  -micrometer-screws  were 
made  by  him,  or  under  his  constant  supervision,  at  his  dwelling 
house  in  this  city,  and  the  measurements  were  effected  in  hi^ 
study. 

It  was  my  fortune  to  know  of  his  work  in  this  field  at  a  com- 
paratively early  day,  and  to  be  able  to  follow  it  closely  with  sym- 
pathy and  admiration.  Hence  I  cannot  refrain  from  bearing  my 
testimony  to  the  essential  part  which  he  bore  in  introducing  and 
establishing  the  photographic  method  of  observation.  For  many 
years  he  labored  at  it,  without  the  sympathy  or  encouraging  faith 
of  astronomers  generally ;  and  in  1865  he  did  me  the  honor  of 
placing  in  my  hands  a  large  number  of  measurements,  and  giving 
me  permission  to  study  and  compute  them.    They  had  been  made 

in  his  house,  with  apparatus  designed  and  in  great  degree  con- 
voL.  XIII.— 10 
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structed  by  himself,  from  photographs  which  he  had  personally 
taken  by  the  aid  of  the  telescope  which  he  had  himself  devised 
and  which  was  also  in  his  house. 

At  the  session  of  this  Academy  at  Northampton  in  August, 
1866,  I  had  the  pleasure  of  presenting  a  memoir  containing  the 
results  of  computations,  made  from  these  data,  for  determining 
the  relative  positions  of  3 1  stars  in  the  Pleiades.  On  the  same 
day  Mr.  Rutherfurd  communicated  orally  to  the  Academy  a 
detailed  account  of  his  experiments,  difficulties,  and  successes,  as 
well  as  of  the  methods  which  he  had  finally  adopted.  It  was  his 
expressed  intention  to  put  this  communication  into  writing  at  once, 
for  publication  as  one  of  our  memoirs.  And  I  naturally  delayed 
the  publication  of  my  own  communication  until  it  could  be  pre- 
ceded by  that  of  which  it  was  essentially  a  follower,  and  which 
described  the  mode  of  obtaining  the  data  upon  which  my  own 
subsidiary  memoir  depended.  The  only  step  which  I  took  toward 
publication  was  by  mentioning  the  investigation  in  a  letter  sent 
during  the  same  month  to  the  Astronomische  Nachrichten,  This 
contained  the  resultant  distances  and  position-angles  from  Alcyone 
for  the  brightest  ten  stars  of  the  group,  and  called  attention  to 
their  close  accordance  with  Bessel's  earlier  values,  deduced  from 
his  observations  with  the  Konigsberg  heliometer. 

All  this  I  am  glad  to  recall  here  and  now,  Mr.  President,  because, 
from  various  statements  made  at  far  more  recent  dates,  and  the 
comparative  newness  of  the  interest  in  photographic  observation, 
now  manifested  by  astronomers,  one  might  easily  be  led  to  suppose 
that  the  method  had  been  recently  introduced,  or  indeed  hardly 
existed  prior  to  the  immense  facilities  afforded  since  1880  by  the 
dry-plate  gelatine  process.  In  this  connection  I  may  be  excused 
from  adding  that  the  knowledge  acquired  from  Mr.  Rutherfurd  of 
the  important  methods  which  he  had  developed  had  so  aroused 
my  enthusiasm  for  photographic  observation,  and  my  faith  in  its 
future  application,  that  when  I  left  this  country  for  South  America, 
in  May  1870,  I  took  with  me  the  photographic  object-glass  with 
which  his  results  had  been  obtained.  The  corrector  for  his  new 
13-inch  telescope  was  then  essentially  completed ;  so  that  he  kindly 
consented  to  part  with  its  smaller  predecessor. 

The  continued  and  disheartening  obstacles  which  I  encountered 
in  the  endeavor  to  secure  photographic  impressions  of  the  clusters 
in  the  southern  sky  are  known  to  many  of  the  gentlemen  present. 
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Still,  at  the  close  of  the  year  1876  I  had  obtained  nearly  500  satis- 
factory plates,  and  in  November,  1882,  there  were  1 100.  A  large 
part  of  these  have  already  been  measured,  and  the  Argentine 
Government  has  now,  in  spite  of  its  financial  embarrassment, 
assigned  me  the  means  for  resuming  the  computation. 

Unless  I  am  mistaken,  all  of  the  plates  of  which  Prof.  Rees  has 
spoken  were  made  some  years  before  the  discovery  of  the  dry 
plate  process.  Indeed,  by  far  the  greater  number  of  the  impres- 
sions must  have  been  taken  previous  to  1875.  In  later  years  the 
gelatine  process  has  wonderfully  facilitated  the  prosecution  of 
stellar  photography,  making  the  duration  of  the  necessary  exposure 
very  much  less,  while  the  limit  of  magnitude  of  the  stars  photo- 
graphed is  lowered  to  an  almost  incredible  extent.  And — since 
there  is  now  practically  no  limit  to  the  time  of  exposure,  which 
may  extend  over  all  the  hours  of  darkness  for  many  successive 
nights,  whereas  it  was  previously  restricted  by  the  rapid  drying 
of  the  plate — the  positions  of  stars  which  are  beyond  the  reach 
of  powerful  telescopes  may  be  fixed  at  present  by  photographic 
methods.  It  is  easy,  to-day,  to  secure  good  impressions  of  ten  or 
twenty  times  the  number  of  stars  during  an  exposure  of  given 
length ;  and  easy  to  extend  the  time  of  exposure  to  fifty  times 
that  which  was  possible  by  the  photographic  processes  known  pre- 
vious to  1880. 

Still  we  must  not  forget  that  the  simple  reproduction  upon  the 
plate  of  an  image  of  any  part  of  the  sky,  is  not  astronomical  re- 
search, but  simply  the  attainment  of  a  means  for  its  convenient 
application.  A  photographic  plate  gives  us  no  more  than  can  be 
seen  by  any  one  using  adequate  visual  appliances ;  and  it  is  with 
the  careful  measurements  of  the  plates  that  the  astronomer's  work 
begins.  Here  Mr.  Rutherfurd's  services  have,  as  I  have  said,  been 
as  eflPective  as  in  the  collection  of  material ;  so  that  we  owe  to  him 
not  merely  the  first  perm  inent  records  of  the  relative  positions,  at 
a  given  moment,  of  all  the  celestial  objects  impressed  upon  the 
sensitive  plates,  but  the  means  and  the  accomplishment  of  the 
actual  conversion  of  these  records  into  accurate  numerical  data. 

How  greatly  I  rejoice  at  knowing  that  these  numerical  data, 
which  have  so  long  slumbered  undisturbed,  are  now  to  be  com- 
puted and  given  in  due  form  to  the  astronomical  world,  it  would 
be  impossible  to  say. 

Not  long  after  the  session  of  the  Academy  in  August,  1866,  to 
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which  I  have  referred,  Mr.  Rutherfurd  was  obliged,  by  impaired 
health,  to  leave  home  for  a  considerable  period ;  and  this,  together 
with  various  duties  which  awaited  his  return,  prevented  him  from 
writing  out  his  memoir,  which  unhappily  has  never  been  pub- 
lished. 

Meanwhile  I  computed  the  positions  of  more  than  thirty  stars 
in  the  Praesepe^  precisely  in  the  same  way  as  those  of  the  Pleiades, 
yet  retained  the  results  in*  my  own  possession  for  the  same  reason. 

When,  however,  ft  became  necessary  for  me  to  leave  home  for 
South  America,  in  May  1^70,  I  eommumcated  these  positions  to 
the  Academy  at  its  April  session  of  that  year.  But  I  still  with- 
held the  manuscript  of  the  two  memoirs  from  the  press,  deeming 
it  entirely  improper  that  their  publication  should  antedate  Mr. 
Rutherfurd's  description  of  the  various  methods  by  which  he  had 
obtained  the  fundamental  data.  And  when  I  left  home  for  an 
absence,  which  I  supposed  would  not  exceed  three  years,  I 
handed  the  two  manuscript  articles  to  Mr.  Rutherfurd  himself,  with 
ail  injunction  that  they  should  not  be  given  to  the  Home  Secretary 
for  publication  until  his  own  memoir  should  accompany  them. 

For  the  whole  period  of  my  long  absence  the  papers  remained 
untouched ;  and,  when  they  first  saw  the  light,  they  were  printed 
from  the  original  manuscripts,  without)  emendation  and  during  my 
absence  from  the  country,  in  the  summer  of  1888, — being  twenty- 
two  years  after  the  identical  manuscript  of  the  first,  and  eighteen 
years  after  that  of  the  second,  had  been  presented  to  the  Academy. 

In- the  meanwhile  various  deficiencies  in  the  method  of  computa- 
tion, as  well  as  one  or  two  errors,  had  come  to  my  knowledge. 
But  for  the  sake  of  the  history  I  preferred  that  these  should  remain^ 
rather  than  that  the  memoirs  should  not  be  printed  exactly  as 
they  had  been  originally  prepared,  and  without  correction.  Of 
course  I  was  unable  even  to  revise  the  proofs,  being  in  Europe  at 
the  time  of  their  printing. 

During  this  lapse  of  a  score  of  years,  improvements  in  the  mode 
of  computation  and  of  the  presentation  of  the  results  have  naturally 
suggested  themselves;  and*  it  is  a  welcome  thought  that  under  the 
direction  of  Prof.  Rees,  and  his  assistant,  Mr.  Jacoby,  additional 
precautions  and  better  methods  will  unquestionably  be  employed. 
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A  CRYSTALLINE  MAGMA  OF  INVERT-SUGAR. 

By  f.  g.  wiechmann,  PH.a 

Invert-sugar  is  considered  to  be  a  combination  of  dextrose  and 
levulose,  in  equal  proportions. 

DexCk-ose.        iLeVulose.       tnverc-sugar. 

It  is  well  known,  that  aqueous  solutions  of  ifivert-sugar  suffer 
decomposition  when  exposed  to  light.  From  the  liquid,  originally 
of  homogeneous  composition  there  is  deposited  a  white  crystal- 
line precipitate,  commonly  held  to  be  dextrose,  and  above  this  there 
is  generally  found  the  remaining  liquid. 

The  writer,  while  engaged  in  a  study  of  the  influence  of  light  on 
solutions  of  invert-sugar,  noticed,  that  the  crystallization  in  one  of 
the  samples  under  observation,  continued,  until  the  solntion  of 
invert-sugar,  which  had  originally  been  placed  in  the  flask  as  a 
thick,  colorless,  transparent  syrup,  had  become  completely  trans- 
formed into  an  almost  solid,  perfectly  homogeneous,  white,  crys- 
talline magma. 

This  specimen  was  carefully  analyzed,  and  as  the  results  may  be 
of  interest,  they  are  here  given  in  detail.  Acknowledgment  is  due 
Mr.  E.  G.  Brainerd  for  valuable  assistance  rendered  in  the  securing 
of  the  analytical  data. 

History  of  the  Specimen, — This  solution  was  made  by  dissolving 
granulated  sugar  of  the  best  quality^  polarization  99.9-100.0,  in 
distilled  water,  and  inverting  with  strictly  chemically  pure  HCl 
(specific  gravity  «.2o).  The  amount  of  acid  used  was  0.0265  per 
cent,  of  the  weight  of  the  sugar  taken. 

The  solution  was  perfectly  colorless  and  transparent;  its  density 
was  about  80°  Brix  (43.1 1®  Baume),  and  on  analysis  it  was  found 
to  contain  84.8  per  cent,  of  invert-sugar  on  the  dry  substance.  No 
attempt  was  made  to  neutralize  the  HCl,  and  the  sample  showed 
a  slightly  acid  reaction. 

This  syrup  was  placed  in  a  glass  flask,  which  was  well  corked, 
and  was  exposed  to  diffused  and  to  direct  sun-light.  The  average 
temperature  of  the  room  in  which  the  sample  was  kept  was  about 
24°  C. 


ISO  THE  QUARTERLY. 

Decomposition  of  the  invert- sugar  commenced  in  the  usual 
way,  a  crystalline  deposit  appearing  at  the  bottom  and  on  the  sides 
of  the  flask.  After  three  months  time,  the  liquid  had  entirely  dis- 
appeared, and  in  its  place  was  found  the  snow-white  crystalline 
magma. 

Gravimetric  Analysis. — The  reducing-power  of  this  magma  on 
Fehling's  solution  (Soxhlet's  formula)  was  determined  by  the 
method  of  E.  MeissL* 

A  solution  of  the  magma  was  made  up  with  distilled  water. 
The  specific  gravity  of  this  solution  =  1. 1427  at  15°  C.  This 
specific  gravity  =  32.7°  Brix. ; 

100.00  H-  32.7  =  3.058, 

Hence  3.058  grammes  of  this  solution  =  i.ooo  gramme  on  the  dry 
substance. 

Of  this  solution  there  were  taken  39.827  grammes  (=  13.024 
grammes  on  the  dry  substance),  and  made  up  to  100  c.c.  solution. 

Of  this  solution  50  c.c.  (=  6.512  grammes  dry  substance)  were 
made  up  to  1000  cc. 

Of  this  solution,  I  c.c.  =  0.0065 1 2.  Used  of  this  35  c.c.  = 
0.2279  grammes  of  dry  substance. 

50  c.c.  Fehling's  solution  (Soxhlet's  formula)  were  taken  and  to 
this,  when  boiling,  there  were  added  the  above  35  c.c.  invert-sugar 
solution  and  15  c.c.  distilled  water.  Boiled  for  two  minutes  and 
then  proceeded  as  usual  in  such  determinations.  This  determina- 
tion was  made  in  all  three  times;  the  results  follow  : 

Iiivert-cugar 
Magma.  Copper. 

Determination  i,       .         '        .         .         .        .     0.2279  reduced  0.396 

**  2, 0.2279  reduced  0.392 

"  3, o  2279  reduced  0.395 


Average  =  6.394 


According  to  the  table  calculated  from  the  reducing  factors 
determined  by  E.  Meisslf  0.2278  gramme  of  pure  invert-sugar  reduce 
0.4040  Cu.  The  amount  of  Cu  reduced  by  0.2279  gramme  of 
the  magma  =  0.394  Cu,  which  amount  of  Cu  corresponds  to 
0.2212  invert-sugar.J 

♦  Zeitschrift  des  Vereins  fur  RUbemucker^ Industrie^  1 879,  vol.  29,  p.  1034. 
f  Wein  E.  TabtlUn  zur  Quantitativen  Bestimmung  der  Zuckerarttn^  p.  16. 
J   Loc.  cit. 
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The  sample  of  magma  therefore  contains 

0.2279  :  0.2212  :  :  100  :  x 
X  =  97.06. 

Hence  it  contains  97.06  per  cent,  invert-sugar  and 

100.00 
97.06 


2.94 
less  ^        0.14 


2.80  per  cent,  sucrose. 


Optical  Examination. 

A.  Determination  of  [a]  ^  of  Sample. — Made  a  concentrated 
solution  of  the  magma  in  distilled  water.  Specific  gravity  of  this 
solution  =  1.1427. 

This  is  equal  to  32.7  Brix.*  lOO.oo  ^  32.7  =  3.058.  This 
means  that  3.058  grammes  of  this  solution  contain  i.o  gramme  of 
dry  substance. 

Weighed  off  30.58  grammes  of  this  solution,  equal  to  10.000 
grammes  on  the  dry  substance,  and  made  this  up  to  100  c.c.  at 
17.5°  C.  with  distilled  water. 

Placed  this  solution  in  a  2CO  m.m.  tube  and  polarized  in  each 
instance  at  20°  C. 

Polarization  No.  i.  Reading  made  6  hours  after  prepara- 
tion of  solution  =  .         .         .         .         .         .         .     — 10.7 

Polarization  No.  2.  Reading  made  27^  hours  after  prep- 
aration of  solution  =      .         .         .         .         .         .         .     —  10.6 

Polarization  No.  3.  Reading  made  after  heating  the 
solution  15  minutes  at  70°  C.  Reading  taken  29 J^  hours 
after  original  preparation  of  sample  =    .         .         .         .     —  10.5 

Polarization  No.  4.  Reading  made  53^^  hours  after 
original  preparation  of  sample  = —  10.5 

Calculation  : 

—  10.5  X  0.346  =  — 3.6330° 

r  T  «    3.6330  X  100         ^   ^ 

*  Wiechmann  :  Sug-ar  Analysis,  Table  I. 
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According  to  the  formula  given  by  Gubbe  the  value  of  pure 
invert-sugar  in  a  lo  per  cent,  solution  is 

[a]D'^  =  —  20.0181. 

If  it  may  be  assumed,  that  the  sucrose  present  exerts  the  same 
effect  on  the  plane  of  polarized  light  in  the  presence  of  this  amount 
of  invert-sugar,  which  it  exercises  when  alone,  then  allowing  for 
the  dextro-rotation  produced  by  the  2.8  per  cent,  of  sucrose,  = 
1.8620,  there  would  be  obtained  : 

[a]  D^  =  —  20.027.. 

B,  26.048  grammes  of  the  magma  were  dissolved  up  to  100  c.c. 
With  distilled  water.     All  polarizations  were  made  at  20°  C. 

Polarization  No.  f.  Reading  taken  immmediately  after 
making  the  solution  = —    7.9 

Polarization  No.  2.  Taken  5    minutes  after  Polarization 
No.  I.  = —    9.0 

Polarization  No.  3.  Taken  55  minutes  after  Polarization 
No.  I.  = —  18.0 

Polarization  No.  4.  Taken  60  minutes  after  Polarization 
No.  I.  = .     —  18.2 

Polarization  No.  5.  Taken  65  minutes  after  Polarization 
No.  I.  = —  18.3 

Polarization  No.  6.  Taken  120  minutes  after  Polarization 
No.  i.= — 21.4 

Polarization  No.  7.  Taken  21   hours  and  5  minutes  after 
Polarization  No.  i.  =     .         .         .-         .         .         .         .     —  23.3 

Polarization  No.  8.  Taken  23  hours  and  50  minutes  after 
Polarization  No.   i,=     . —  23.3 

C,  50  c.c.  of  above  solution  were  taken  immediately  after  mak- 
ing the  same,  5  c.c.  of  HCl.  (specific  gravity  1.20)  were  added, and 
the  solution  heated  for  5  minutes  on  a  water-bath  at  67°»C.  The 
solution  was  cooled,  made  up  to  100  c.c.  with  distilled  water  and 
polarized. 

All  polarizations  of  this  inverted  solution  were  made  at  20°  C. 
All  readings  are  recorded  for  full  normal  weight  (26.048  grammes) 
and  were  made  in  a  200  m.m.  tube. 

*  ToUen's  Kurzes  Handbuch  der  Kohlenhydrate^  p.  124. 
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Polarization   No.   I.  Reading   taken   immediately  after 
preparation  of  sample  = — 26.2 

Polarization  No.  2.  Taken  60  minutes  after  Polarization 
No.  i.= — 26.6 

Polarization  No.  3.    Taken    18  hours  and  40    minutes 
after  Polarization  No.  i.  =     .  .         .         .         .     —  26.4 

Polarization  No.  4.    Taken    20  hours   and   30   minutes 
after  Polarization  No.  I .  = —  26.4 

Determination  of  the  Specific  Gravity  of  a  10  per  cent,  {on  the  dry 
substance)^  Solution. — A  solution  of  the  magma  was  made  with 
distilled  water.  The  specific  gravity  of  this  solution  =  1. 1427  = 
32.7°   Brix. 

100.00  -^  32.7  =  3.058, 

therefore,  3.058  grammes  of  this  solution  =  i.ooo  gramme  of  dry 
substance.  Of  this  solution  there  were  weighed  off  30.580 
grammes  =  10.000  grammes  of  dry  substance.  This  was  made 
up  with  distilled  water  to  1 00  c.c.  at  17.5°  C. 

A  careful  determination  showed  the  specific  gravity  of  this 
solution  to  be  =  1.03853.  Herzfeld*  states  the  specific  gravity  of 
a  pure  invert- sugar  solution  at  17.5°  C.  to  be  =  1. 03901, 

Determination  of  the  Melting  Point  of  the  Magma.— ^^.ooo 
grammes  of  the  magma  were  taken,  placed  in  a  test-tube  and  slowly 
heated  on  a  water-bath,  which  was  started  cold.  A  thermometer 
was  inserted  in  the  magma.  At  50°  C.  the  magma  began  to  liquefy, 
the  liquefaction  commencing  at  the  bottom  ;  at  60.5°  C.  the  lique- 
faction was  completed.  The  time  taken  to  warm  from  50°  to 
60.5°  C.  was  29  minutes.  The  liquid  sample  was  cooled  and  set 
aside  in  diffused  daylight  to  see  whether  it  would  recrystallize. 

For  12  days  this  sample  showed  no  signs  of  crystallization,  then 
two  small  crystals  formed  near  the  surface  of  the  solution  and  the 
crystallization  progressed  slowly. 

Determination  of  Water  in  the  Magma, — Weighed   off  2.000 
grammes  of  magma.     Placed  in  a  vacuum  over  sulphuric  acid  and 
kept  at  a  temperature  of  about  18°  C. 
In  645  hours  the  sample  had  lost  9.70  per  cent,  of  water. 
Reaction   of  Magma. — Tests    made   with   methyl   orange   and 
Congo  red  show  the  magma  to  be  slightly  acid. 

^^~~~-  —  -  —  -         ' 

*  Zeitschrift  des  Vereim  fikr  Rubenzucker  Industrie^  1887,  vol.  37,  p.  915. 
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The  composition  of  the  magma,  on  the  dry  substance  at  the 
present  time,  is : 

Sucrose, 2.8    per  cent. 

Invert-sugar, 97.06  per  cent. 

It  seems  most  probable,  that  under  existing  conditions,  the  trans- 
formation of  the  remaining  sucrose  into  invert-«ugar,  is  only  a 
question  of  time,  and  the  specimen,  exposed  to  full  daylight, 
remains  under  observation. 

Should  this  anticipated  inversion  of  the  sucrose  be  eflfected,  an 
attempt  will  be  made  to  separate  all  adhering  fluid  from  the  crys- 
tals, and  these  will  be  submitted  to  careful  analysis  in  order  to 
determine  the  proportions  in  which  the  dextrose  and  the  levulose 
are  present,  and  to  learn  whether  possibly  the  specimen  consists  of 
pure  invert-sugar  in  the  crystalline  condition. 


TRANSIT  FACTORS  FOR  COLUMBIA  COLLEGE 

OBSERVATORY. 

Bt  J.  T.  MONELL  and  C.  R.  MANN. 

The  following  tables  contain  the  usual  factors  for  the  reduction 
of  meridian  transit  observations : 

_  sin  (sp— ^) 
cos  d 

cos  (?>— (J) 

^~ IT' ' 

cos  a 


C  = 


cos  ^  . 


The  values  given  in  the  tables  have  been  computed  with  the 
latitude  of  Columbia  College. 


^  =  40°  45'  23". 
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Declination. 

0         / 
— 22       0 

A. 

B. 

c. 

Declination. 

A. 

B.               C. 

4 

+  0.959 

+  0.494 

+  1.079 

0 

12 

1 

0 

+  0.814 

+  0.619 +  1.022 

—21    40 

+  0.954 

+  0.498+1.076 

II 

40 

+  0.809  +O.623I+I.02I 

—  21    20     +0.949+0.503+1.074 

— 11 

20 

+  0.805  +0.627'+ 1.020 

—  21       0 

+  0.944 +0.507;+ I.071I 

—  II 

0 

+  0.800  +0.631!+ I.OI9 

—  20    40 

+  0.939+0.511+1.069 

—  10 

40  +0.7961+0.635,+ i.oi8| 

— 20    20 

+0.934' +0.5 1 6 

+  1.066 

10 

20 

+  0.791 

+  O.638  +  I.OI7 

— 20      0 

+  0.929 

+  0.520  +1.064 

— 10 

0 

+o.786;+o.642|+i.oi5| 

19    40 

+  0.924 

+  0.524+1.062 

—  9 

40  1+0.782  +0.646 +  1.014 

— 19    20 

+0.919 

+  0.528+1.060 

—  9 

20  +0.777  +0.650  +  1.013 

— 19       0 

+0.914 

+  0.533+1.058 

—  9 

0  1+0.773 

+  0.654;+ I.OI2 

— 18    40    +0.909 

+  O.537I  + 1.056 

—  8 

40 

+0.768 

+  0.658 +  I.OI2 

— 18    20    +0.904 

+  0.541+1.054, 

—  8 

20 

+  0.764 

+  0.662 +  I.OII 

—  18      0  1+0.899  +O.545I+ 1.052 

—  8 

0 

+0.759 

+  0.666 +  I.OIO 

—  17    40 

+0.894 +0.550'  + 1.050 

—  7 

40 

+0.755 

+  O.670I+I.OO9 

—  17    20  i  +  0.889  +0.554+1.0481 

—  7 

20 

+0.750 

+  0.673  +  1.008 

—  17      0    +0.884+0.558+1.046 

—  7 

0 

+0.746 

+  O.677I+ 1.007 

—16   40    +0.880 

+  0.562+1.044, 

—  6 

40 

+0.741 

+  0.681+1.007 

—16    20 

+0.875 

+  0.566 

+  1.042 

—  6 

20 

+0.737 

+  0.685 

+  1.006 

— 16      0 

+0.870  +0.570 

+  1.040 

—  6 

0 

+0.732 

+  0.689  +  1.005 

—  15    40 

+0.865 

+  0.574 

+  1.039 

—  5 

40 

+  0.728 

+  0.693!+ 1.005 

—  15    20 

+0.860 

+  0.578;+ 1037 

—  5 

20 

+0.724 

+  0.697+1.004 

-15      0 

+0.856 

+  0.583 

+  1.035 

—  5 

0 

+0.719 

+  0.700,-1-1.004 

—  14   40 

+0.851+0.587 

+  1.034 

—  4 

40 

+0.715 

+  0.704  +  1.003 

—  14    20 

+0.846 

+  o.59« 

+ 1  0321 

—  4 

20 

+0.710 

+  0.708  +  1.003 

—14      0 

+0.842 

+0.59S 

+  1.031' 

—  4 

0 

+0.706 

+  0.712 +  1.003 

-13    40    +0.837 

+0.599 

+ 1.029 1 

—  3 

40 

+0.701 

+  0.716-1-1.002 

—13    20    +0.832 

+0.603 

+  1.0281 

—  3 

20 

+0.697 

-I-O.719-I- 1.002 

—13     0  1+0.828 

+0.607 

+  1.026 

—  3 

0 

+0.693 

+  0.723 +  I.OOI 

—12    40 

+0.823 

+  0.61 1 

+  1.025 

—  2 

40 

+0.688 

+0.727 

+  I.OOI 

—12    20 

+0.818 

+0.615 

+  1.023 

—  2 

20 

+0.684 

+0.731 

+  1.000 

—12      0 

+  0.814 

+0.619 

+  1.022 

—  2 

0 

+0.679 

+0.735  +  1.000 
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Declination. 

A. 

B. 

c. 

Declination. 

A. 

+  0.547 

B. 

c. 

e 

—    2 

o 

+  0.679 

+  0.735;+ i-ooo 

0 

+  8 

0 

+0.8491+1.0 10 

—  I 

40 

+  0.675 

+0.738,+ 1. 000 

+   8 

20 

+  0.542 

+0.8531  +  1.011 

—  I 

20 

+  0.671 

+0.742+1.000 

+  8 

40 

+  0.537 

+0.857 

+  1.012 

—  I 

0 

+  0.666 

+0.746I+I.OOO 

■+  9 

0   +O.S33 

+0.861 

+  I.OI2 

—  o 

40 

+  0.662 

+0.750J+I.OOO 

+  9 

20 

+  0.528 

+0.865 

+  I.OI3 

—  o 

20 

+  0.657 

+0.754+1.000 

+  9 

40 

+  0.524 

+0.869 

+  I.OI4 

o 

0 

+  0.653 

+0.757+1.000 

+  10 

0 

+  0.519 

+0.873 

+  I.OI5 

+  o 

20 

+  0.648 

+0.761  +1.000 

+  10 

20 

+  0.515 

+0.877  +1.017 

+  o 

40 

+  0.644 

+0.765+1.000    +10 

40 

+  0.510 

+0.881  +1.018 

+  I 

0 

+  0.640 

+0.769  +1.000.  +11 

0 

+  0.506 

+0.884:  + 1.019 

+  I 

20 

+  0.635 

+0.773 +*-ooo 

+  11 

20 

+  0.501 

+  0.888+1.020 

+  1 

40 

+  0.631 

+0.776 

+  1.000 

+  11 

1 

40 

+  0.496 

+0.892  +1.021 

1 

+     2 

0 

+  0.627 

+0.780,+ 1. 000 

,  +" 

0 

+  0.492 

+0.896+1.022 

+     2 

20 

+  0.622 

+0.784+1.000 

:+" 

20 

+  0.487 

+0.900+1.023 

+     2 

40 

+  0.618 

+0.7881  + 1. 00 1 

+12 

40 

+  0.483 

+0.904+1.025 

+    3 

0 

+  0.613 

+0.792  +I.OOI     +13 

0 

+  0.478 

+0.908+1.026 

+  3 

20 

+  0.609 

+  0.795!+ I-002 

+  '3 

20 

+  0.473 

+0  912  +1.028 

+  3 

40    +0.604 

+  0799  +1.002 

+  13 

40 

+  0.469 

+0.916 

+  1.029 

+  ■4 

1 
0    +0.600 

+  0.803 

+ 1.003 

+  14 

0 

+  0.464 

+0.9201  +  1.031 

+  4 

20    +0.595+0.807+1.003 

1  +14 

20 

+  0.4591  +  0.924'+ 1.032 

+  4 

40    +0.591   +0.81 1 

+  1.0031  +14 

40 

+  0.4551  +  0.928+1.034 

+  5 

0    +0.587  +0.815 

+  1.004  +15 

0 

+  0.450+0.932+1.035 

+  S 

20  ,  +  0.582+0.818 

+  1.004 

+  15 

20 

+  0.445 

+0.936 

+  1.037 

+  5 

40    +0.578 

+  0.822 

+ 1.005 

+  15 

40 

+  0.440 

+0.941 

+  1-039 

+  6 

0    +0.573 

+  0.826 

+  1.005 

+  16 

0 

+  0.436  +0.945 

+  1.040 

+  6 

20    +0.569 

+  0.830 

+ 1 .006 

+  16 

20 

+ 0.43  r + 0.949  i  + 1 .042 

+  6 

40    +0.564 

+  0.834 

+  1.007 

+  16 

40 

+0.426^+0.953 +1.044 

+   7 

0    +0.560 

+  0.838 

+  1.007 

+  17 

0  1  +  0.421  +0.9571  +  1.046 

+  7 

20  +o.5«;5 

+  0.841 

+  1.008 

+  17 

20  +0.416+0.961+1.048 

+   7 

40  1+0.55 1 

+  0.846 

+  1.009 

I+I7 

40 

+  o.4i2;  +  o.965;  +  i.o5o| 

+  8 

0  +0.547 

+  0.849 

+  I.OIO 

+  18 

0 

+0.407 

+0.969:  + 1.0521 
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Declination. 

A. 

B. 

c. 

Declination. 

A. 

E 

1. 

c 

0 

+18 

0 

+  0.407 

+  0.969 

+  1.052 

+  28 

0 

+  0.250 

+  1. 

.105 

+  1. 

'33 

) 

+18 

20 

+  0.402  +0.974 

+  1.054 

+  28 

20 

+  0.244+1. 

,110+1. 

.136 

+  18 

40 

+  0.397+0,978 

+  1.056 

+  28 

40 

+  0.239+1. 

114 

+  •• 

139 

+  19 

0 

+  0.392+0.982 

+  1.058 

+  29 

0 

+  0.233+1. 

"9 

+  1. 

.143 

+  19 

20 

+  O.387.  +  O.987 

+  1.060 

+  29 

20 

+  0.227 

+  1. 

124 

+  1 

.147 

+19 

40 

+  0.382  +0.991 

+  1.062 

+  29 

40 

+  0.221 

+  1. 

129+1, 

151 

+20 

0 

+o.377;+o.995 

+  1.064 

+  30 

0 

+  0.215 

+  1. 

135 +'• 

155 

+20 

20 

+0.3721+0.999 

+  1.066 

+  30 

10 

+  0.213 

+  1. 

137 +1. 

157 

+20 

40   : +  0.367  +1.003 

+  1.069 

+  30 

20 

+  0.210  +1. 

,I40i+l 

159 

+21 

0 

+0.362+1.008 

+  1.0/1 

+  30    30 

+  0.207'+!. 

I42I+1, 

.161 

+21 

20 

+0.357 

+  I.OI2 

+  1.074 

+  30 

40 

+  0.2041  + I. 

•>45 

+  1. 

.163 

+21 

40 

+0.352 

+  I.OI7 

+  1.076 

+  30 

50 

+  0.201 

+  1 

.147 

+  1. 

.165 

+22 

0 

+0.347+1-021 

+  1.079 

+  31 

0 

+  0.198 

+1 

,150+1, 

.167 

+22 

20 

+0.342+1.026  +1.081 

+3^ 

10 

+  0.195 

+  1 

.152+1 

,109 

4-22 

40 

+0.336 +1.0301  +  1.084 

+31 

20 

+  0.192 

+  1 

.155 +1 

.171 

+  23 

0 

+0.331 

+  1-035 

+  1.086 

+31 

30 

+  0.189 

+1 

.158 

+  1 

•173 

+  23 

20 

+0.326  +  1.039 

+  1.089 

+31 

40 

+  0186 

+  1 

160 

+  1 

■175 

+  23 

40 

+0.321  +1.044 

+  1.092 

+  3' 

50 

+  0.182 

+  1 

•163 

+  1 

.177 

+  24 

0 

+0.316 

+  1.048 

+ 1. 0951 

+  32 

0 

+  0.180 

+  1 

.165 

+  1 

.179 

+  *4 

20     +0.310 

+  I-053I  + 1-097 

+  32 

10 

+  0.176 

+  1 

.168 

+  1 

.181 

+  »4 

40     +0.305 

+  1.0571  +  1.100 

+32 

20  +0,173 

+1 

.171 

+  1 

.184 

+  »5 

0 

+0.300 

+  1.062 

+  1.103 

+  32 

30 

+  C.170 

+1 

•173 

+  1 

.186 

+  *5 

20 

+0.294 

+  1.067 

+  1.106 

+  32 

40 

+  0.1671+1 

.176+1 

.188 

+  »5 

40 

+0,2891+1.071 

+  1.109 

+  32 

50 

+  0.164 

+1 

.179 

+1 

.190 

\ 

+  26 

0 

+0.284 

+  1.076 

+  1.113 

+33 

0 

+  0.161 

+1 

.182 

+  1 

.192 

1 

+  26 

20 

+0.278 

+  1.081 

+  1.116, 

+  ZZ 

10 

+  0.158 

+  1 

.184 

+  1 

.195 

+26 

40 

+0.2721+1.085 

+  1.119 

+  33 

20 

+  0.155 

+  1 

.i87i  +  i 

.197 

+  »7 

0 

+0.267 

+  1.090 

+  1.122 

+33 

30 

+  0.152 

+1 

.19°:+' 

.199 

+  »7 

20 

+0.261 

+  1.095 

+  1.126 

+  33 

40 

+  0.148 

+1 

.192 

+  1 

.202 

+  27 

40 

+0.256 

+ 1. 100 

+  1.129! 

+ZZ 

50 

+  0.145 

+1 

■195 

+  1 

.204 

+i8 

0 

1 
+0.250+1. 105 

'^^''^2^Z 

+  34 

0   +0.142  +1 

.198 

+  1 

.206 
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Declination. 

A. 

B. 

1 

Declination. 

A. 

B. 

c. 

0          / 

+  34     0 

+  0.142 

+  I.I98 

i 

1 

1 
+  1.206, 

0 

+  39 

0 

+  0.039 

+  1.286 

+  1.287 

+  34  lo 

+  0.139 

+  I.20I 

+  1.209, 

+  39 

10 

+  0.036 

+  1.289  +1-296 

+  34  2o 

+  0.135 

+  1.203 

+  I.2III 

+  39 

20 

+  0.032 

+  1.293  +1.293 

+  34  30 

+  0.132 

+  1.206 

+  I.213 

+  39 

30 

+  0.029 

+  1.296  +1.296 

+  34  40 

+  0.129 

+  1.209 

+  I.216 

+  39 

40 

+  0.025 

+  1.299  +1.299 

+  34  50 

+  0.126 

+  I.2I2 

+  I.218 

+  39  50 

+  0.021 

+  1.302 

+  1.302 

+  35     0 

+  0.122 

+  I.215 

+  I.22I 

+40 

0 

+  0.0171  +  1.305 

+  1.305 

+  35  10 

+  0.II9 

+  I.218  +1.223 

+40 

10 

+  0.013  +1.309 

+  1.309 

+  35  20 

+  O.I16 

+  1.220  +1.226 

+40 

20 

+  0.009 

+  I.312 

+  1.312 

+35  30 

+  O.II3 

+  1.223  +1.228 

+40 

30 

+  0.006 

+  1-315 

+  '.315 

+35  40 

+  0.109 

+  1.226 

+  I.23I 

+40 

40 

+  0.002 

+  I.318 

+  1.318 

+  35  50 

+  0.106 

+  1.229 

+  1.234 

+40 

50 

— 0.00 1 

+  1.322 

+  1.322 

+  36     0 

+  0.102 

+  1.232 

+  1.236 

+41 

0 

— 0.006 

+  '.325 

+  1.325 

+  36  10 

+  0.099 

+  1-235 

+  1.239 

+41 

10 

— 0.0 10 

+  1.328 +1.328  1 

+36  20 

+  0.096 

+  1.238 

+  I.24I 

+41 

20 

—0.013 

+  1-332 

+  1.332 

+36  30 

+  0.092 

+  1.241 

+  1.244 

+41 

30 

—0.017  +1.335 

+  1-335 

+36  40 

+  0.089 

+  1.244 

+  1.247 

+41 

40 

—0.021;+ 1.339 

+  1.339 

+36  50 

+0.085  +1-247 

+  1.249 

+41 

50 

—0.025. +  1.342 

+  1.342 

+37     0 

+0.082 

+  1.249 

+  1.252, 

+42 

0 

0.029+1.345 

+  1.346 

+  37  10 

+0.079 

+  1.252 

+  1-255' 

+42 

10 

—0.033 

+  1-349 

+  1.349 

+  37  20 

+0.075 

+  '.255 

+  1.258 

+42 

20 

0-037 

+  1.352 

+  1.353 

+37  30 

+  0.072  +1.258 

+  I.261 

+42 

30  ;— 0.041 

+  1-356 

+  1.356 

+  37  40 

+  0.068  +1.261 

+  1.263 

1+42 

40  —0.045 

+  1.359 

+  1.360 

+37  50 

+0.065 

+  1.264 

+  1.266 

+42 

50 

— 0.049 

-^"^'l^l 

+  1.364 

+  38     0 

+0.061 

+  1.268 

+  T.269 

;+43 

0  —0.054 

+  1.366 

+  1-367 

+  38  10 

+  0.059  +1.271 

+  1.272 

+43 

10  — 0.058 

+  1.370 

+  1-371 

+38  20 

+  0.054+1.274 

+  1-275 

+43 

20 

— 0.062 

+  1.373 

+  1-375 

+  38  30 

+0.050+1.277 

+  1.278 

+43 

30 

— 0.066 

+  '.377 

+  1.379 

+38  40 

+0.047+1.280 

+  I.281 

+43 

40 

—0.070 

+  1.381 

+  1.382 

+38  50 

+0.043+1.283 

+  1.284 

+43 

50 

—0.074 

+  1.384 

+  1.386 

+  39     0 

• 

+  0.039  +1.286 

+  1.287 

+44 

0 

—0.079 

+  1.388 

+  1.390 
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Dedination. 


+44  o 
+  44  10 
+44  20 
+  44  30 
+44  40 
+44  50 

+45  o 
+  45  10 
+45  20 
+  45  30 
+  45  40 
+45  50 

+46  o 
+46  10 
+46  20 
+  46  30 
+46  40 
+46  50 

+47  o 
+47  10 
+47  20 
+47  30 
+47  40 
+47  50 

+48  o 
+  48  10 
+48  20 

+48  30 
+48  40 
+48  50 

+49     o 


A. 


0.079 
-0.083 
•0.087 
-0.092 
-0.096 


+ 
+ 
+ 
+ 
+ 


— O.I  00  + 


•0. 

•o. 
•o. 
-o. 
-o. 
-0. 

-0. 
c. 
•0. 
■0. 
■0. 
■0. 

•0. 
-0. 
■0. 


-0. 
•o. 

-o. 
-o. 
o. 


05 
09 

14 
18 

23 


+ 
+ 
+ 
+ 
+ 


27  + 


32 

36 

41 

45 
50 
55 


+ 
+ 
+ 
+ 
+ 
+ 


59  + 
64  + 
69  + 
74  + 
79j  + 
83  + 


93 
98 

— 0.203 

— 0.208 

—0.213 

— 0.219 


+ 
+ 
+ 
+ 

+ 
+ 


388 
392 
395 
399 
403 
407 


c. 


+ 
+ 
+ 
+. 

+ 
+ 


410  + 
414I  + 
418.+ 
422  + 
426  + 

430  + 


434 


+ 


4381+ 
442;  + 
446  + 

450j  + 
4541  + 

458;  + 
462  + 

^66  + 


470 

474 
478 

483 

487 
491 

495 

500 

504 


+  1.509 


+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 


390 

394 

398 

402 

406 1 

410 

414 
418 
423 
427 
431 
435 

440 

444 
448 

453 

457 
462 

466 

471 
476 

480 

485 
490 

494 
499 
504 
509 
514 

519 


+  1.524 


Declination. 


+49  o 
+  49  10 
+  49  20 
+  49  30 
+49  40 
+  49  50 

+50  o 
+50  10 

+  50  20 
+  50  30 
+50  40 
+50  50 

+  51  o 
+  51  ^o 
+51  20 

+  51  30 
+  51  40 
+  51  50 

+  52  o 
+  52  10 
+  52  20 
+  52  30 
+52  40 
+  52  50 

+53  o 
+  53  10 
+  53  20 
+  53  30 
+53  40 
+  53  50 

+  54  o 


A. 


-0.219 
-0.224 
-0.229 
-0.234 
-0.239  + 
•0.245  + 


B. 


+ 
+ 


+ 
+ 


-0.250  + 
■0.255. + 


.261 
0.266 
0.272 
0.277 

0.283 
0.288 
0.294 
0.299 

0-305 
0.31 1 


+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 


■0.317  + 
-0.322  + 
■0.328  + 

•0.334!  + 
-O.340I  + 

■0.346,+ 


■0.353  + 
-0.358  + 
-0.364;  + 


-0.371 

■0.377 
'O.383 


+ 
+ 
+ 


C. 


509  + 
513  + 

5i7i  + 
522.+ 

526  + 


531 

536 

540 

545 
549 

554 

559 


+ 

+ 
+ 
+ 
+ 
+ 
+ 


564:  + 
569  + 
573i  + 
578  + 

583'  + 
588  + 

593  + 
598  + 
603  + 
6081  + 

613  + 


619 

624 
629 

634 
640 

645 
65  ^ 


+ 

+ 
+ 
+ 
+ 
+ 
+ 


—0.390 +1.656;  +  !. 701 


524 

529 

535 
540 

545 
550 

556 
561 

567 

572 
578 

583 

589 

595 
601 

606 

612 

618 

624 
630 

637 

643 
649 

655 

662 
668 

675 
681 

688 
695 
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1 

DecLnatioB.         A.                B. 

c. 

1 
1 

DecJinadon. 

A.                B.        !        C. 

+  54    o  —0.390 +1.656 +1.701 

0          / 

+59    0 

\ 
0.608  +  1.844  +  1.942 

+54  10  —0.396 +1.662 +1.708  j 

+59  !0 

— 0.616 +1.851 '+1.95 1 

+54  20  — 0.402 +1.667+ 1. 715 1 

+59  20 

—0.625  +1.859+ 1. 961 

+54  30  —0.409+1.673+1.722: 

+59  30 

1—0.633 +1.866 +  1.970 

+54  40  —0.415+1.678+1.7291 

+59  40 

—0.642 +1.873 +1.980 

+54  50  —0.422 +1.684:  + 1. 736: 

1               ' 

+59  50 

— 0.650 +  1.88 1  +1.990 

1              '              1 
+55     0  —0.429 +1.690! +  1.744 

+60    0 

—0.659+ 1.888  +  2  000 

+55  10  —0.436 +1.696; +  1.75 1 

+60  10 

—0.668 +1.896  +2.010 

+55  20  — 0.442 +1.702.  + 1.758 

+  60  20 

— 0.677+1.904  +2.020 

+55  30  — 0.449+ 1. 707J  + 1.766 

+60  30 

— 0.686 +1.9 1 1  +2.031 

+  55  40  —0.456+1. 713 +1.773 

i  +60  40 

—0.695  +1.919.+ 2.041 

+55  50  —0.463+1.719+1.781 

:  +60   50 

—0.704  +  1.927+2.052 

+  56    0  '—0.470'+ 1.725  +1.788 

:  +61    0 

— o.7i4'  +  i.935  +2.063 

+56  10 — 0.477'+!. 731+1. 796 

+61  10 

—0.723+1.943+2.074 

+  56  20  i— 0.484,  +  !. 738 +1.804 

.  +61  20 

— 0.733 +1.952J+2.085 

+56  30  .    0.492  +1.744 +1.81 2 

1  +6f  30 

— 0.742,  + 1.960+  2.096 

+56  40 — 0.499;+ 1.750+ 1.820 

\  +61  40 

— 0.752+ 1.968 +2.107 

+56  50  .—0.506 +1.756 +1.828 

1  +61  50 

—0.762+1.977  +2.118 

+57    0  '—0.514!+ 1.763  +1.836 

+  62     0 

—0.772+1.985 

+  2.130 

+57  10 '-0.521!  + 1.769 +1.844 

i  +62   10 

—0.782+1.994+2.1421 

+57  20  —0.5291  +  1.776+1.853 

+  62  20 

0.792 

+  2.003J  +  2.154 

+  57  30  — 0.536 +1.7821+1.861 

+62  30 

0.802 

+  2.012  +2.166 

+57  40 — 0.544+ 1.789'+ 1.870 

+  62  40 

0.813  +2.021 

+  2.178 

+57  50  :— 0.552 +1.796 +1.878 

1                           1 

+  62  50 

—0.823+2.030 

+  2.190 

+  58         0    !— 0.559   +1.802   +1.887' 

+63     0 

—0.834 

+  2.039+2.203 

+  58     10     —0.567   +1.809  +1.896  1 

+  63  10 

—0.845 

+  2.0481  + 2.215 

+  58     20 

—0.575+1.816  +1.905 

+63  20 

—0.856 

+  2.057 

+  2.228 

+  58     30 

— o.5S3;  +  i.823:  +  i.9i4' 

+  63  30 

—0.866 

+  2.067 

+  2.241 

+  58     40—0.591+1.830+1.923 

+  63  40 

—0.878 

+  2.077 

+  2.254 

+  58  50  :    0.600+1.837  +1.932 

1 

-^^l  50 

1 

—0.8  9 

+  2.086 

+  2.268 

+  59    0  —0.608 

+  1.844+1.942 

1 

+  64     0 

— 0.900 

+  2.096 

+  2.281 
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Dedination. 

A. 

B. 

c. 

Declination. 

A. 

B. 

C. 

o         ' 
+  64      0 

— O.9CO 

+  2.096 

+2.281 

+69 

0 

-I.32I 

+  2.458+2790 

+  64    10 

—0.912 

+  2.io6;+2.295 

+69 

10 

-1.338 

+  2.473+2.812 

+  64   20 

—0.923 

+  2. 116 

+  2.309 

+69 

20 

—  1.355 

+  2.488+2.833 

+  64   30 

—0.935 

+  2.126 

+2.323 

.  +69 

30 

—  '.373 

+  2.504+2.855 

+  64   40 

—0.947 

+  2.137 

+2.337 

+69 

40 

I -39 1 

+  2.519 

+  2.878 

+  64   50 

—0.959 

+  2.147+2.352 

+69 

50 

— 1.41C 

+  2.535  +2.901  1 

+  65       0 

—0.972 

+  2.158  +2.366 

+70 

0 

-1.42^ 

+  2.55^ 

+  2.924 

+65    10 

-  -0.984 

+  2.168+2.381 

+70 

5 

-1.43^ 

+  2.559 

+  2.936 

+  65    20 

—0.997 

+  2.i79'  +  2.396 

+70 

10 

—1.447 

+  2.567 

+  2.947 

+  65    30 

— 1.009 

+  2.190+2.411 

+70 

^5 

—1.457 

+  2.576 

+  2.959 

+  65    40 

— 1.022 

+  2.201  +2.427 

+70 

20 

—  1.467 

+  2.584 

+  2.971 

+65  SO 

—  ".035 

+  2.212  +2.443 

+70 

25 

—  1.476 

+  2.593 

+  2.983 

+66     0 

—  1.049+2.224+2.459' 

+70 

30 

—1.486 

+  2.601 

+  2.996 

+66  10 

I.062I  +  2.235  +2.475   1   +70 

35 

—1.496 

+  2.610 

+  3-008 

+66  20 

— 1.067 

+  2.247;+2.49i'|  +70 

40 

—  1.506 

+  2.618 

+  3.021 

+66  30 

—1.089  +2-259  +2.508      +70 

45 

—1.516 

+  2.627 

+  3033 

+66  40 

—  1.103  +2271  +2.525  j   +70 

50 

—1.527 

+  2.636 

+  3.046 

+66  50 

— 1. 117 

+  2.283J  +  2.542 

+70 

55 

—1.537 

+  2.645 

+  3-059 

+67    0 

1. 132 

+  2.296 

+2.559' 

+71 

0 

-'.547 

+  2.654 

+  3.072 

+67  10 

— 1. 146  +2.308 

+2.577, 

+71 

5 

-1.558 

+  2.663 

+  3.085 

+67  20 

— 1.161  +2.321  +2.595 

+71 

10 

-1.568 

+  2.672 

+  3.098 

+67  30 

—  1.176 +2.334 +2.613 

+71 

15 

—1.579 

+  2.681 

+  3-1" 

+67  40 

—  1. 191  +2.347  +2.632  1  +71 

20 

-1.589 

+  2.690 

+  3.124 

+67  50 

— 1.206  +2.360 

+  2.650   +71 

25 

— 1.600 

+  2.699  +3.138 

+68    0 

—1.222  +2.373 

+  2.669 

+71 

50 

— 1.611 

+  2.709 

+  3.152 

+68  10 

—  1.238 

+  2.387 

+2.689 

+71 

35 

— 1.622 

+  2.718 

+  3.165 

+68  20 

—  1.254 

+  2.401 

+  2.708 

+71 

40 

—1.633 

+  2.728 

+  3.179 

+68  30 

—  1.270+2.415 

+2.729 

+71 

45 

—  1.644 

+  2.737 

+  3193 

+68  40 

—  1.287+2.429 

+  2.749;  +71 

50 

-1.656 

+  2.747 

+  3.207 

+68  50 

—1.303 

+  2.444 

+2.769    +71 

55 

—1.667 

+  2.757 

+  3.222 

+69    0 

—  1.321 

+  2.458 

+2.790!'  +72 

1 

0 

—1.679 

+  2.767 

+  3.236 
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Declination. 

A. 

B. 

1 

C.             Declination. 

A. 

B. 

c. 

o           / 
+  72      0 

—  1.679 

+  2.767 

+  3.236 

0      / 
+  74  30 

— 2.079 

+  3.II2 

+3.742 

+  72    5 

— 1.690 

+  2.777+3-25^ 

+  74  35 

—2.094 

+  3.125 

+3.762 

+  72    10 

— 1.702 

+  2.787. +  3-265 

+  74 

40 

2.II0 

+3->38 

+  3.782 

+  72    15 

— i.7i4'  +  2.797H-3-28o  1  +74  45 

2.126 

+  3.152 

+3.802 

+  72    20 

—1.725  +2.807 +3.295  l!  +74  50 

—  2.142 

+3.166 

+3.822 

+  72    25 

— 1.738.  +  2.818 

+  3.310 

+  74  55 

—2.158  +3.180 

+5.843 

+  72    30 

— i.75o'  +  2.828 

+  3.325 

+  75 

0 

—  2.174+3.194 

+3.864 

+  72  35 

—1.762+2.839 

+  3.341 

+  75 

5 

—  2.191+3.208 

+3.885 

+  72  40 

— i.774,  +  2.849i  +  3.356|!  +75 

10 

—  2.207 

+3.223 

+3.906 

+  72  45 

-1.787 

+  2.860j  +  3.372,i  +75 

'5 

—  2.224 

+  3.237+3-928! 

+  72  50 

—1.799 

+  2.871+3.388 

+  75 

20 

— 2.241 

+3.252 

+  3.950 

+  72  55 

— 1.812 

+  2.882 

+  3.404 

+  75 

25 

—2.259 

+3.267+3.9721 

+  73     0 

—1.825 

+  2.893 

+  3.420 

+  75 

30 

2,276  +3  282 

+3.994 

+  73     5 

-1.838 

+  2.904 

+  3.437 

+  75 

35 

—  2.294+3.297  +4.017 

+  73  JO 

—1.85 1 

+  2.915 

+  3-453 

+  75 

40 

-2.312+3.3131  +  4.039 

+  73  15 

-1.864 

+  2.927 

+  3.470 

+  75 

45 

—2.330  +3.3281  +  4.063 

+  73  20 

—1.877 

+  2.938,  +  3.487l 

+  75 

50 

— 2.348:  +  3.344i  +  4.o86 

+  73  25 

— 1.891 

+  2.950+3.504    +75 

55 

—2.367 +3.3601 +  4.1 10 

+  73  30 

—1.904 

+  2.961+3.5211,  +76 

0, 

-2.385 

+  3.376+4.134 

+  73  35 

— 1.918 

+  2.973+3.538 

'  +76 

5 

—2.404 

+3.392  +4.158 

+  73  40 

—1.932 

+  2.985+3.556 

+  76 

10 

—2.423 

+  3.409i  +  4.i82 

+  73  45 

—1.946+2.997  +3.574 

+  76 

15 

—2.443+3.4251  +  4.207 

+  73  50 

1.960+3.009  +3.592 

+  76 

20 

—2.462+3.442+4.232 

+  73  55 

—1.974 

+3.022 

+  3.610J 

+  76 

25 

—2.482  +3.460 

+4.258 

+  74    0 

—1.989 

+  3.034 

+  3.628 

+  76 

30 

—2.502+3.477 

+4.284 

+  74     5 

—2.003  +3.047' +  3.646     +76 

35 

-2.523 +3.494 +4.3'o 

+  74  10 

— 2.018 +3.o6o;+3.665 

'+76 

40 

-2.543+3.5121  +  4.336 

+  74  15 

— 2.033 +3.072,  +  3.684 

+  76 

45 

—2.564+3.530+4.363 

+  74  20 

— 2.048 +3.085J  +  3.703 

+  76 

50 

—2.5851  +  3.548 +4.390 

+  74  25 

— 2.063 +3.o98;+3.722  i  +76 

1               1 

55 

—2.607+3.567  +4.418 

+  74  30 

—2.079  +3.112  +3.742     +77 

0 

—2.628 

+3.585  +4.445 

1 
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Above  PoU. 

1 

1 

Below  Pole. 

T)^tf^lt  nn  H/\n 

' 

A/CVI 1  ti»U  vu« 

A. 

B. 

C. 

A, 

1 

1 

B. 

c. 

j 

0       f 
+  77     0 

—2.628 

+  3.585 

+  4.445 

+  3.934 

— 2.070 

—4.445 

+  77     5 

—  2.650 

4-3.604 

+  4^474 

1    +3.956 

— 2,089 

—4.474 

+  77  10 

— 2.672 

4-3.623 

+  4.502 

+  3.978 

—2.108 

—4.502 

1 

+  77  15 

—2.695 

+  3.643 

+4.531 

+  4.000 

—2.128 

—4.531 

+  77  20 

—2.718 

4-3.662 

+  4.561 

+  4.023 

—  2.147 

—4.561 

+  77  25 

—2.741 

+  3.682 

+  4^590 

+  4.046 

— 2.167 

—4.590 

+  77  30 

—2.764 

+  3-702 

4-4.620 

+  4.070 

—^.187 

— 4,620 

+  77  35 

—2.787 

+  3.723 

+  4.651       ; 

+  4.093 

—  2.208 

—4.651 

+77  40 

—2.812 

+  3.743 

+  4.682      1 

+  4.II7 

— 2.228 

—4.682 

+  77  45 

-2.836 

+  3.764 

+  4.713      1 

+  4.142 

—  2.249 

—4.713 

+  77  50 

—2.861 

+  3786 

+  4.745 

+  4.166 

— 2.270 

—4.745 

+  77  55 

—2.886 

+  3.807 

*+4.777 

+  4.I9I 

— 2,292 

4.777 

+  78     0 

— 2.91 1 

+  3.829 

+4.810 

+  4.217 

2.314 

— 4.810 

+  78     5 

—2.937 

+  3.851 

+  4.843 

+  4.242 

—2.336 

—4.843 

+  78  10 

—2.963 

+  3.873 

+  4.877 

+  4.268 

— *^358 

—4.877 

+  7«  15 

—2.989 

+  3.896 

+  4.9*1 

'    +4.295 

-2.381 

—4.91 1 

478  20 

— 3.016 

+  3.919 

+  4.945 

+  4.321 

—2,404 

—4.945 

+  78  25 

3.043 

+  3.943 

+  4.980 

+  4.348 

—2.428 

— 4,980 

+  78  30 

—3.070 

+  3.966 

+  5.016 

+  4.376 

—2.451 

—5.016 

+  78  35 

—3.098 

+  3.990 

+  5.052 

+  4.404 

—2.475 

5.052 

+  78  40 

—3.127 

+  4.015 

+  5.089 

'    +4.432 

—2.500 

5.089 

+  78  45 

—3.155 

+  4.040 

+  5.126  . 

+  4.461 

—2^525 

—5,126 

+  78  50 

-3.1^5 

+  4.065 

+  5.164 

+  4.490 

—2.550 

—5.164 

+  78  55 

—3.214 

4-4.090 

+  5.202  , 

+  4-520 

—2.575 

—5,202 

+  79    0 

—3.244 

+  4.I16 

+  5.241    ! 

+  4.550 

—  2.601 

—5.241 

+  79     5 

—3.275 

4-4.142 

+  5.280 

+  4.580 

— 2.^27 

—5.280 

+  79  10 

—3.306 

+  4.169 

+  5.321 

+  4.61 1 

—2.654 

-5.321 

+  79  15 

—3.337 

+  4.196 

+  5.361 

'    +4.643 

—2.681 

—5-361 

+  79  20 

—3.369 

+  4.224 

+  5.403 

+  4.675 

2.709 

-5-403 

+  79  25 

—3.401 

+  4.252 

+  5.445 

+  4.707 

—2.736 

—5-445 

■ 

+  79  30 

—3.434 

+  4.280 

+  5.487 

+  4.740 

1 

—2.765 

—5.487 
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Declination. 


79 
79 
79 
79 
79 

79 

80 


30 

35 
40 

45 

50 

55 
o 


Above  Pole. 


3-434 
•3.468 

•3'502 

3536 

■3-571 
•3.606 

•3-643 


+4.280 

+  4.309 

+4.338 
+  4.368 

+4.398 
+4.429 

+4.460 


c. 


+5-487 
+5-531 

+5-575 
+5,620 

+5-665 

+5-712 
+5.759 


Below  Pole. 


A. 


+  4.740 

+  4.773 
+  4.807 

+  4.842 

+  4.877 

+  4.9>3 
+  4.949 


c. 


2.765 

•2.794 
-2.823 

■2.853 
•2.883 
•2.914 

■2-945 


—5.487 

—5-531 

—5-575 
— 5.620 

—5-665 

—5.712 

—5.759 


Polaris. 


Declination. 


n 


-\-Z%  43  o 
+  88  43  30 
+  88  44  o 
-^-^^  44  30 
+  88  45  o 
+  88  45  30 

+  88  46  o 
+88  46  30 
+  88  47  o 
+  88  47  30 
+  88  48  o 
+  88  48  30 

+  88  49  o  — 

-\'^'^  49  30 
+  88  50  o 
+  88  50  30 
+  88  51  o 
+  88  51  30 


Above  Pole. 


A. 


B. 


•33.162  +29.899 
■33-382  +30.090 
•33-606+30.283 

-33-833  +30478 
-34.064+30.677 

-34.296+30.877 


C. 


■34.533 
•34.772! 

■35-OI4' 
-35-259 
■35.504, 
■35-762 

36.020 
36.280 

36.551 
36.820 

37.090 
37-368 


+  31.0S1 
+  31.287 

+31-496 
+  31.708' 

+  31  920, 
+  32-142, 

+  32.364 
+  32.588 
+  32.806 

+  33-037 
+  33-270 

+  33.507 


+44  650 
+  44.942 

+45.238 

+45-536 

+  45-841 
+  46.148 

+46.460 
+  46.776 

+  47-095 
+  47.421 

+  47- 748 
+  48.085 

+  48.423 
+  48.769 

+  49-' 15 
+  49.470 

+  49-825 
+  50.190 


Below  Pole. 


+  34.465 
+  34.687 

+  349" 

+  35-137 

+  35-367 
+35.600 


B. 


+  28.386 
+  28.577 
+  28.770 
+  28.965 
+  29.163 
+  29.363 


C. 


+  35-837+29-569 

+  36.o76,  +  29.774 
+  36-318+29.983 


+  36.565 
+  36.814 
+  37-067 


+  30.195 
+  30.410 

+  30.628 


+  37-324 +30850 

+37-584;  +  3i-o74 
+  37847  +3»-302 


-^1%  116 

+  38.387 
+  38.664 


+  31-533 
+  31-765 
+  32.003 


44.650 
-44.942 
-45-238 
■45-536 
-45-84^ 
-46. 1 48 

-46.460 
-46.776 

•47-095 
-47.421 

-47.748 

-48.085 

•48.423 
■48.769 

49-"5 
-49.470 

-49.825 

-50.190 
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43  Cbpi 

IIBI. 

Above  Pole. 

Below  Pole. 

Declination. 

A. 

B. 

C. 

1 

1         ^- 

B. 

C. 

0 

+85 

/ 
40 

—9-343 

+9-373 

1 

+  13.235 

i  + 10.649 

—7.858 

13-235 

+85 

41 

—9.382     +9.407 

+  13.286 

+10.688 

—7.892 

—  13.286 

+85 

42 

—9.421     +9.440 

+  13.337 

+10.727 

7  925.     13-337 

+85 

43 

— 9.461 

+9.474+13.389 

+  10  766 

—7.960.— 13.389 

+85 

44 

—9.500 

+9-508+13.441 

+10.806 

7-994 

—  13-441 

+85 

45 

—9.540 

+9.543+13-493 

+10.845 

—8.028 

—  13.493 

+85 

46 

—9.580 

+9.578 +13.&47 

i+ 10.886 

—8.063 

—13.547 

+85 

47 

— 9.621 

+  9.613 +13.600 

+10.927 

—8.098 

— 13.600 

+85 

48 

—9662 

+9.648 

+  13-654 

+10.968 

8-»33 

—13-654 

+85 

49 

9.703 

+9.683+13.708; 

+11.009  — 8.169 

1 

—13.708 

1 

G».  750. 

Above  Pole. 

BeloMT  Pole. 

Declination. 

A. 

B. 

c. 

A. 

1 

B.                  C. 

0 

+85 

16 

8.495 

+  8.642 

+  12. 119 

+  9,801 

— 7.127,  — 12. 119 

+85 

17 

—8.528 

+  8.6701+12.161 

+  9.834    —7.155— 12.161 

+85 

18 

—8.560 

+  8.698 

+  12.204 

+  9.866    — 7.183 — 12.204 

+85 

19 

—8.593 

+  8.727 

+  12.2471 

+  9.899;    — 7.212 — 12.247 

+^5 

20 

— 8.626     +8.755  +12.291 

+  9.932     — 7.240 — 12.291 

On.  944. 

Above  Pole. 

Below  Pole. 

Dtdisatton. 

A. 

B. 

c. 

A. 

B. 

c. 

9 
+85 

8 

—8.243 

+  8.425 

+  11.787 

+  9.551 

—6.908 

—11.787 

+85 

1 

9 

—8.274 

+  8.452  +II.828I 

• 

+  9.582     —6.934 

—11.828 
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51  Cbphbi. 

Above  Pole 

• 

1 
1 

Below  Pole. 

Declination. 

A. 

B. 

C. 

A. 

B. 

c. 

0       /       // 
+  87    12    30 
+  87    12       0 
+  87    II    30 
+  87    II      0 

— 14.881  +14.146+20.532 
—14.835  +14.106+20.472 
— 14.789  +14.067  +20.410 

—14-743!+ 14-027  +20.340 

1                    -1 

t 

'+16.189 
+  16.143 
+  16.097 

+  16.051 

1 

— 12.631 
,—12.592 
—12,552 

-12-513 

—20.532 
— 20.472 
— 20.410 
—20.340 

1 

35  Camklop. 

Atiove  Pole. 

Below  Bile. 

Declination. 

A. 

B. 

1 

c. 

A. 

B. 

c. 

0          / 

+8*    37 
+82     36 

+  82    35 

—5  192 
-5-183 
-5-173 

+  5-796 
+  5.781 
+  5-767 

1 

+7-782 
+7-764 

+  7-747 

+  6.498 

+  6.485 
+6.472 

—4.281 

4.269 

—4.258 

-7.782 

—7.764 

—7-747 

1 

32  ■  Cam  SLOP; 

Above  Pole. 

j                      Below  ^le. 

1 

Declmakion. 

A. 

BL 

c. 

A. 

B. 

c. 

0           r 

+84     0 
+83   59 
+83   58 
+83   57 
+83   56 

+83    55 

+83    54 

+  83     53 

^■^2,    52 
+  83     51 

—6.554 

—6.534 
—6.514 

—6.494 
—6.474 

—6.455 

6.435 

—6.415 
—6.396 

—6.377 

+  6.969 
+  6952 

+  6.935 
+6.917 

+  6.900 

+  6.884 
+  6.867 
+  6.850 
+  6.833 

+  6.816. 

1 

1 

+  9-567 
+  9-540 

+9-5'4 
+  9.488 

+9.462 

+9-436 
+  9.410 

+9.385 
+9.360 

+  9-334 

+  7860 

+  7.840 
+  7.820 
+  7.800 
+  7.780 

+  7-760 

+  7- 740 
+  7.721 
+  7.702 
+  7.683 

5.454 

—5-437 
—5-420 

—5.402 
-5385 

—5-368 

—5-352 

5-335 
-5-318 

—5-302 

—9-567 
—9- 5  40 

9.514 
—9.488 

— 9.462 

-9-436 
—9.410 

—9-385 
—0.360 

—9-334 
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I  Draconis. 

• 

Above  Pole. 

1 

Below  Pole. 

Declination. 

A. 

B. 

c. 

A. 

B. 

C. 

■ 

0           / 

+81     49 

—4.615 

+  5.297 

+  7.025 

+  5.920 

—3.782 

—7.025 

+81     48      — 4.604 

+5.288    +7. Oil 

+  5-909    -3-773 

— 7. Oil 

+81     47      —4.593 

+5-279;  +6.997 

+  5.899    —3.764 

—6.997 

+  81         46     :     —4.582 

+5.269!  +6.983 

+  5-888 

3-754 

—6.983 

+81     45   .       4.571 

+5.260   +6.969 

+  5-877 

—3-745 

— 6.969 

+81     44 

—4.561 

+5-25' 

+  6.955 

+  5.8661  — 3.736I  —6.955 

+81     43 

— 4-550 

+5-242 

+6.941 

1 

+  5.856   —3.727    —6.941 

1 

6  Urs.  Min. 

1 
Above  Pole. 

1 

Below  Pole. 

Declination. 

A. 

B. 

c. 

1 

A. 

B. 

c. 

0       /       // 

+  88  18  30 

—24.954 

+  22.907 

+33.874 

+  26.300 

—  21.349 

33-874 

-{■^^  18     0—24.830 

+  22.798 

+33.709 

+  26.175 

2I.2/fO 

33-709 

+88  17  30I— 24.705 

+  22.690 

+33.544; 

+  26.050 

—  21.133 

33-544 

+88  17     0' — 24.582+22.584 

+33-381' 

+  25.927 

— 21.026 

—33.381 

+88  16  30 — 24.460  +22.479 

+33.220 

+  25.805 

20.921 

—33-220 

+88  16     0— 24.339J  +  22.374 

+33.060 

+  25.684 

20.817 

33-060 

+88  15  30, — 24,220 

+  22.270 

1 

+32.902 

+  25.563 

—  20.713 

—32.902 

+88  15     0 

— 24.101 

+  22.168 

• 

+32.745' 

+  25.445 

—  20.611 

32.745 

+88  14  30 

— 23.983+22.067 

+32.590 

+  25.327 

—  20.5101—32.590! 

+88  14     0 

— 23.867  +21.966 

+32.437 

1+25.211 

—  20.409 

32.4-;7 

+88  13  30      23.751 

+  21.866 

+32.284, 

+  25.095 

20.310 

—32.284 

+88  13     0—23.637 

+  21.768 

+32.134 

+  24.982 

—  20.212 

—32.134 

+88  12  30 

—23.525 

+  21.670 

+31.985 

+  24.869 

— 20.114 

—31.985 

+88  12     0—23.413 

+  21.573 

+31.836 

+  24.756 

— 20.018 

—31.836 

+88  II  30—23.302 

+  21.477 

+31.690 

+  24.645 

19.922 

31.690 

+88  11     0 — 23.192 

+  21.382 

+31.544 

+  24.535 

— 19.826 

—31.544 

+88  10  30—23.082 

+  21.288 

+31.400 

+  24.425 

19.732 

—31.400 

+88  10     0 — 22.975 

+  21.194 

+31.258 

+  24.318 

19.640 

—31.258 
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c  Urs.  Min. 

Above  Pole. 

Below  Pole. 

Declination. 

A. 

B. 

C. 

+  7.384 
+  7.368 

+  7.352 

A. 

B. 

C. 

0             t 
+  82       13 
+  82       12 
+  82       II 

—4.889 

—4.877 
—4.865 

+  5.534 

+  5.523 
+  5.512 

+  6.193 
+  6.183 

+  6.173 

— 4,021 
—  4.008 

—3.995 

—7.394 

-7.368 

7.342 

1 

I  Urs.  Mim. 

Below  Pole. 

Below  Pole. 

Declination. 

A. 

B. 

c. 

A. 

B. 

c. 

0       1       ti 

+  86  36  30 
+86  37     0 
+86  37  30 

— 12.129 
— 12.160 
— 12.192 

+  ".773 
+  11.800 

+  11.828 

+  16.907 

+16.955 

+  16.992 

1 

+  13.435 
+  13.466 

i   +13.498 

1 

—  10.258 
—10.285 
—10.313 

— 16.907 

—16.955 

— 16.992 

1 

• 

A  Ubs.  Min. 

Above  Pole. 

1                     Below  Pole. 

Declination. 

A. 

B. 

c. 

A. 

B. 

c. 

0       /        // 

+  88  57  30 
+  88  58     0 
+  88  58  30 
+  88  59     0 
+  88  59  30 

+  89     0     0 
+  89     0  30 
+  89     I     0 

+  89     I  30 
+  89     2     0 

— 41.008 

—41.344 
— 41.684 

—42.027 
—42.384 

—42.742 

43.107 

—43.478 

-43.85s 
44.240 

+  36.663 

+  36.952 
+  37.248 

+  37.547 
+  37.851 

+  38.160 

+  38.473 
+  38.794 
+  39.120 

+  39.450 

+55.007 

+55450 

+55.901 
+56.360 

+56.825 
+57.298 

+57.780 

+58270 

+58.768 
+59.275 

+  42.313 
+  42.649 

+  42.990, 

,+43.337 
+  43.69^1 

+  44.047 
1+44-413 

+  44.783 
+  45.162 

+45v524 

—35.148 
—35.437 

—35.733 
—36.032 

—36.336 

—36.645 
— 36.960 

—37.280; 

—37.604 

—37.936 

—55.007 

55.450 

—55.901 

—56.360 

-56.825 

—57.298 
—57.780 
—58.270 

-58.768 
59.275 

TRANSIT  FACTORS  FOR  COLUMBIA  COLLEGE.    169 


TRANSIT  FACTORS  FOR  COLUMBIA  COLLEGE  OBSERVATORY. 

76  Dbacomis. 

Above  Pole. 

Below  Pole. 

• 
1 

Declination. 

A. 

B. 

c. 

A. 

B. 

C. 

0        t 
+  82      7 

—4.817 

+5-472 

+  7-291 

+  6.123 

—3.958 

—7.291 

+82     8 

—4.829 

+  5-483 

+  7-306 

+  6.135 

—3.968 

—7.306 

+82     9 

—4.841 

+5-493 

+  7.322 

+  6.147 

—3.978 

7.322 

+82  10 

—4.853 

+  5-503 

+  7.337 

+  6.159 

—3.988 

—7.337 

+82  II 

—4.865 

+5-513 

+  7-353 

+  6.I71 

—3-998 

—7.353 

+  82  12 

-4.877 

+  5-523 

+  7.368 

+  6.183 

— 4.008 

—7.368 

+82  13 

—4.889 

+5-534 

+  7.384 

1   +6  195 

—4.019 

-7.384 

+82  14 

4.901 

+  5-544 

+  7.400 

+  6.207 

—4.029 

—7.400 

+82  15 

4.913 

+5-554 

+  7.416 

+6  219 

— 4.040 

—7.416 

+82  16 

4.925 

+5-565 

+  7-432 

+6.231 

—4.050 

—7.432 

+82  17 

—4.937 

+5-575 

+  7-447 

+6.243 

— 4.061 

—7.447 

+  82  18 

—4.949 

+  5-586 

+  7-463 

+6.255 

—4.071 

—7463 

TABLES  FOR  THE  REDUCTION  OF  TRANSIT  OBSER- 
VATIONS  BY  THE  METHOD  OF  LEAST  SQUARES. 

By  HAROLD  JACOBY. 


The  quantities  given  in  the  following  tables  are  intended  for  the 
reduction  of  transit  observations  according  to  the  method  given  in 
Monthly  Notices  of  the  Royal  Astronomical  Society ^  vol.  Hi.,  p.  1 14. 
These  tables  are  good  for  any  latitude,  and  are  computed  by  the 
following  formulae : 


/  = 


^•3 


I  +  0.3  sec'  d 


m^  =/  sec  df       »/,  =/  tan  d  sec  dy 


«f=A 


«^  =/  tan  d, 


m^  =/  tan'  ^,.     tn^  =p  sec'  d. 
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Declination. 


— 20^ 

—  19 

—  18 

—  16 

—  14 

—  13 
— 12 

II 

— 10 

—  9 

—  8 

—  7 

—  6 

—  5 

—  4 

—  3 

—  2 

—  I 

o 

+  I 
+  2 

+  3 
+  4 


5 
6 


+ 

+ 

+  7 
+  8 

+  9 

+  10 


Ml 


M4 


+ 
+ 

+ 

+ 
+ 

+ 


033 

026 
024 
021 

018 
016 
014 
012 
010 

008 

004 

002 
001 

001 

002 
003 
004 

008 


O 
+  0 

+  0 
+  0 

+0 
+0 
+0 
+0 

+0 


376 

355 
334 

313 
293 

273 
253 
234 

215 
196 

178 

159 
141 

123 
105 

088 
070 
052 

035 
017 

000 
017 

035 
052 

070 

088 

105 
123 

141 

159 

178 


m. 


+  0.970 

+  0.973 
+  0.976 

+  0.979 

+  0.981 

+  0.984 
+  0.986 
+  0.988 
+  0.990 
+  0.991 

+  0.993 

+  0.994 
+  0.996 

+  0.997 

+  0.998 

+  0.998 
+  0.999 
+  0.999 
+  1.000 
+  1.000 

+  1.000 
+  1.000 
+  1.000 
+  0.999 
+  0.999 

+  0.998 
+  0.998 
+  0.997 
+  0.996 
+  0.994 

+  0.993 


m4 


•0.353 

--^.335 


MTf 


«»« 


+0.129 

+0.1 15 


—0.317;  +0.103 


-0.299 

-0.282 

-0.264 
-0.246 
-0.228 

-0.210 

■0.193 

-0.175 
^.157 

-0.140 
-0.122 

-0.105 

-0.087 

.070 
.052 

.035 

— 0.017 
0.000 

+0.017 
+0.035 
+0.052 

+0.070 

+0.087 
+0.105 

+0.122 
+0.140 

+0.157 
+0.175 


+0.092 

+0.081 

+0.071 
+0.061 

+0.053 
+0.045 
+0.037 

+0.031 
+0.025 

+  0.020 

+0.015 

+0.01 1 
+  0.008 

+0.005 
+0.003 

+0.001 
0.000 

0.000 

0.000 

+0.001 

+0.003 
+0.005 

+0.008 

+  O.OII 

+0.015 

+0.020 

+0.025 
+0.031 


+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+1 


.099 
.089 
.079 

.070 
.062 

.054 
.047 

.040 

.034 

.029 

.024 
.019 

.015 

.012 

.008 

.006 
.004 
.002 
.001 
.000 

.000 
.000 
.001 
.002 
.004 

.006 

.008 

.012 

.015 

.019 
024 


LEAST  SQUARE  TRANSIT  TABLES. 


171 


STAR  TRANSIT  TABLES. 


Declination. 

»»i 

m^ 

«»» 

M4 

mi 

«« 

+  10^ 

+  1.008 

+  0.178 

+  0.993     +0.175 

+  0.031 

+  1.024 

+  11 

+  1.010 

+  0.196 

+  0.991 !   +0.193 

+  0.037 

+  1.029 

+  12 

+  1.012 

+  0.215 

+  0.990 

+  0.210 

+  0.045 

+  1.034 

+  13 

+  1.014 

+  0.234 

+  0.988    +0.228 

+  0-053 

+  1.040 

+  14 

+  1.016 

+  0.253 

+0.986,   +0.246 

+  0.061 

+  I.047 

+  X5 

+  1.018 

+  0.273 

+  0.984 

+  0.264 

+  0.071 

+  1.054 

+  16 

+  1.021 

+  0.293 

+0.981 

+0.282 

+  0.081 

+  1.062 

+  17 

+  1.024 

+  0.313 

+  0.979!   +0.299 

+  0.092 

+  1.070 

+  18 

+  1.026 

+  0.334 

+0.976 

+  0.317 

+  0.103 

+  1.079 

+  X9 

+  1.029 

+  0.355 

+0.973 

+0.335 

+  0.115 

+  1.089 

+  20 

+  1.03: 

+  0.376 

+  0.970 

+  0.353 

+  0.129 

+  1.099 

+  21 

+  1.03^ 

+  0.398 

+0.967 

+  0.371 

+  0.142 

+  1.110 

+  22 

+  1.03c 

+  0.420 

+0.964 

+  0.389 

+  0.157 

+  1.121 

+  23 

+  1.04^^ 

+  0.443 

+  0.960 

+  0.408 

+  0.173 

+  1.133 

+  24 

+  1.047 

+  0.466 

+0.956 

+  0.426 

+  0.190 

+  1.146 

+  25 

+  1.05 1 

+  0.490 

+0.952 

+  0.444 

+  0.207 

+  1.159 

+  26 

+  I.OS5 

+  0.514 

+0.948 

+  0.462 

+  0.226 

+  1.174 

+  27 

+  1-059 

+  0.540 

+0.944 

+0.481 

+  0.245 

+  1.188 

+  28 

+  1.063 

+  0.565 

+0.939 

+0.499 

+  0.265 

+  1.204 

+  29 

+  1.068 

+  0.592 

+0.934 

+  0.518 

+  0.287 

+  1.221 

+30 

+  1.072 

+  0.619 

+  0.929 

+0.536 

+  0.310 

+  1.238 

+  31 

+  1.077 

+  0.647 

+0.923 

+0.555 

+  0.333 

+  1.256 

+  32 

+  1.082 

+  0.676 

+0.917 

+0.573 

+  0.358 

+  1.276 

+  33 

+  1.087 

+  0.706 

+  0.91 1 

+0.592 

+  0.384 

+  1.296 

+  34 

+  1.092 

+0.736 

+  0.905 

+0.610 

+  0.412 

+  1.317 

+  35 

+  1.097 

+  0.768 

+0.898 

+0.629 

+  0.440 

+  1.339 

+  36 

H-I.I02 

+  0.801 

+0.891 

+  0.648 

+  0.471 

+  1.362 

+  37 

+  I.I07 

+  0.834 

+0.884 

+0.666 

+  0.502 

+  1.386 

+  38 

+  I.II2 

+  0.869 

+0.877 

+  0.685 

+  0.535 

+  1.412 

+  39 

+  I.I18 

+  0.905 

+  0.869 

+0.703 

+  0.570 

+  1.438 

+  40 

+  I.I23 

+  0.942 

+  0.860    +0.722 

+  0.606 

+  1.466 
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STAR  TRANSIT  TABLES. 


Declination. 

Ml 

m^ 

fW, 

W4 

m^ 

M. 

+40° 

+  I.I23 

+  0.942 

+0.860 

+  0.722 

+  0.606 

+  1.466 

+41 

+  I.I28 

+  0.891 

+0.852 

+  0.740 

+  0.644 

+  1.495 

+42 

+  1.134 

+  I.02I 

+0.842 

+  0.758 

+  0.683 

+  1-525 

+43 

+  II39 

+  1.062 

+0.833 

+  0.777 

+  0.724 

+  1-557 

+44 

+  I.I44 

+  I.IO5 

+0.823 

+  0.795 

+  0.767 

+  1.590 

+45 

+  I.I49 

+  I.I49 

+0.812 

+  0.813 

+  0.812 

+  1.625 

+  46 

+  I.I54 

+  I.I95 

+0.802 

+  0.830 

+  0.860 

+  1.661 

+47 

+  I-I59 

+  1.243 

+0.790 

+  0.847 

+  0.909 

+  1.699 

+48 

+  1.163 

+  1.292 

+0.778 

+  0.865 

+  0.960 

+  1.739 

+49 

+  I.I68 

+  1-343 

+0.766 

+  0.881 

+  I.OI4 

+  1.780 

+50 

+  1.172 

+  1.396 

+0.753 

+  0.898 

+  1.070 

+  1.82^ 

+51 

+  1-175 

+  1.452 

+0.740 

+  0.913 

+  I.I28 

+  1.868 

+52 

+  1-179 

+  1.509 

+0.726 

+  0.929 

+  I.189 

+  1.914 

+53 

+  1.182 

+  1.568 

+0.7II 

+  0.943 

+  1.252 

+  1.963 

+54 

+  1.184 

+  1.629 

+0.696 

+  0.958 

+  I.318 

+  2.014 

+55 

+  1.186 

+  1.693 

+0.680 

+  0.971 

+  1.387 

+  2.067 

+56 

+  1.186 

+  1.759 

+0.664 

+  0.984 

+  1.458 

+  2.122 

+57 

+  1.187 

+  1.827 

+0.646 

+  0.995 

+  1-533 

+  2.179 

+58 

+  1.186 

+  1.898 

+0.628 

+  1.006 

+  1.610 

+  2.238 

+59 

+  1.184 

+  1.971 

+0.610 

+  I.OI5 

+  1.690 

+  2.300 

+  60 

+  1.182 

+  2.046 

+0.591 

+  1.023 

+  1.773 

+  2.364 

+  61 

+  1.178 

+  2.124 

+0.571 

+  1.030 

+  1.859 

+  2.430 

+  62 

+  1.173 

+  2.206 

+0.551 

+  1-035 

+  1.948 

+  2.498 

+  63 

+  I.I66 

+  2.289 

+0.529 

+  1-039 

+  2.039 

+  2.569 

+  64 

+  1.158 

+  2.374 

+0.508 

+  I.O4I 

+  2.134 

+  2.641 

+65 

+  1.148 

+  2.461 

+0.485 

+  1.040 

+  2.231 

+  2.716 

+66 

+  1.136 

+  2.552 

+0.462 

+  1.038 

+  2.331 

+  2.793 

+67 

+  1.122 

+  2.643 

+0.438 

+  1-033 

+  2.433 

+  2.872 

+68 

+  1.106 

+  2.738 

+0.414 

+  1.025 

+  2.538 

+  2.952 

+69 

+  1.087 

+  2.832 

+0.390 

+  I.OI5 

+  2.645 

+3.034 

+  70 

+  1.066 

J 

+  2.929 

+0.365 

+  1.002 

+  2.753 

+3.118 

LEAST  SQUARE  TRANSIT  TABLES. 
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STAR  TRANSIT  TABLES. 


1 


I>ediiuition. 

+  70^ 

+  71 
-h72 

+  73 
+  74 

+  75 
+  76 

+  77 
+  78 
+  79 

-f  80 
+  81 

-f82 

+  83 
+  84 

+  85 
-4-86 

+  87 

+89 
+90 

-f89  s.p 
■+88  J./ 
+  87    s.p 

-{■se  s.p 

+85    s.p 

+84  J./ 
+83  J./ 

-f82      J./ 

-f8i  x./ 
+  80    s.p 


Ml 


+  1.066 
+  1.042 
+  I.OI6 
+  0.986 

+0-953 

+0.917 
+0.877 

+0.834 
+0.788 

+0.737 

+0.684 
+0.627 
+0.566 
+0.503 

+0.437 

+0.368 
+0.298 
+0.225 
+0.151 
+0.076 

0.000 

.076 

0.225 
0.298 
0.368 

0.437 

0.503 
0.566 

0.627 
0.684 


*»i 


M, 


+  2.929 
+  3.028 
+  3.126 
+  3.225 
+  3.324 

+  3.422 

+  3.51S 
+  3.613 
+  3.705 
+  3.794 

+  3.878 

+  3.959 
+  4.031 
+  4.100 

+  4.159 

+  4.210 

+  4.255 
+  4.287 

+  4.312 
+  4.325 

+  4.333 

+  4.325 
+  4.312 
+  4-287 

+  4.255 
+  4.210 

+  4.159 
+  4.190 

+  4.031 

+  3-959 
+  3.878 


+0.365 

+0.339 
+0.314 
+0.288 

+0.263 

+0.237 
+0.212 
+6.188 
+0.164 
+0.141 

+0.119 
+0.098 

+0.079 
+0.061 

+0.046 

+0.032 
+0.021 
+0.012 
+0.005 
+0.001 

0.000 

+0.001 
+0.005 
+0.012 
+0.021 
+0.032 

+0.046 
+0.061 
+0.079 
+0.098 
+0.119 


«4 


+  1.002 
+  0.986 
+  0.966 

+  0.943 
+  0.916 

+  0.886 
+  0.851 
+  0.812 
+  0.770 
+  0.724 

+  0.673 
+  0.619 
+  0.561 

+  0.499 
+  0.435 

+  0.367 
+  0.296 
+  0.225 
+  0.152 
+  0.074 

0.000 


.074 
—  0.152 

0.225 

0.296 

^.367 


—0-435 
—0.499 

—0.561 

0.619 

—0.673 


+  2.753 
+  2.863 

+  2.973 
+  3.084 

+  3.195 

+  3.305 
+  3.414 
+  3.520 

+  3.624 
+  3.724 

+  3.819 
+  3.909 
+  3.992 
+  4.068 

+  4.135 

+  4.194 

+  4.244 
+  4.282 

+  4.310 

+  4.328 

+  4.333 

+  4.328 
+  4.310 
+  4.282 

+  4.244 
+  4.194 

+  4.135 
+  4.068 

+  3.992 
+  3.909 
+  3.819 


+3."8 

+  3.202 
+  3.287 
+  3.372 
+  3.458 

+  3.542 
+  3.626 
+  3.708 
+  3.788 
+  3.864 

+  3.938 
+  4.006 

+  4.070 
+  4.129 

+  4.181 

+  4.226 
+  4.264 

+  4.294 
+  4.316 

+  4.329 

+  4.333 

+  4.329 
+  4.3^6 

+  4.294 
+  4.264 

+  4.226 

+  4.181 
+  4.129 
+  4.070 
+  4.006 
+  3.938 
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Analytical  Chemistry,  by  E.  Waller. 

Remedy  for  ^^  Bumping^  Pieszezek  (^Chem,  Zeity  xv.,  1126).  Hang 
in  the  liquid  (open  end  downward)  a  tube  closed  at  one  end,  5  to  8  cm. 
in  length  and  5  to  10  mm.  bore,  the  size  of  the  tube  depending  upon  the 
dimensions  of  the  vessel  used.  If  allowed  to  cool  down  the  tube  should 
be  filled  with  air  afresh  on  heating  up  again. 

Solubility  of  Various  Kinds  of  Glass  in  Water.  Mylius  and  Foster 
(Z/j.  /.  Instrumentenky  1 89 1 , 3 1 1 ) .  The  method  used  was  determination 
of  alkalinity  of  water  kept  in  contact  with  the  specimens.  The  action , 
which  varied  very  much  with  different  glasses,  was  at  first  tolerably  de- 
cided, becoming  slower  after  a  time. 

Kohlrausch  {Berichte^  xxiv.,  3560)  has  made  some  similar  experiments, 
determining  the  degree  of  action  by  the  electrical  conductivity  of  the 
water  used.  It  was  found  that  the  hygroscopic  properties  of  the  different 
glasses  in  powder  were  essentially  in  the  same  order  as  their  solubilities 
in  water. 

Preparing  Hydrobromic  Acid,  Newth  {Chemical  News ^  Ixiv.,  215). 
A  small  platinum  wire  is  wound  into  a  coil  and  inserted  in  a  tube  in  such 
a  manner  that  a  current  of  electricity  sufficient  to  heat  the  wire  to  red- 
ness can  be  passed  through  it.  A  mixture  of  hydrogen  and  bromine — 
obtained  by  passing  H  through  Br  is  then  passed  through  the  tube,  and 
when  air  has  been  expelled  the  electric  current  is  turned  on.  HBr  re- 
sults, which  may  be  absorbed  in  water. 

BaO,^  and  H^O^  as  Reagents.  Donath  ( C>4<fw.  Z«/.,  xv.,  1085)  claims 
priority  in  the  use  of  BaO,  for  attacking  chromite  as  well  as  slags,  clays, 
etc.  For  chromite  about  ten  times  the  weight  of  the  sample  only  is 
necessary,  if  the  reagent  is  of  good  quality.  The  mixture  may  be  heated 
over  a  Bunsen  burner.  The  iodometric  estimition  of  the  chromium  is 
regarded  by  the  author  as  preferable  to  the  ammonio-ferrous  sulphate 
method. 

H,Oj  is  recommended  as  an  oxidant  for  ferrous  salts,  for  removing  an 
excess  of  (NH^),S,  oxidizing  H,AsO,,  etc. 

Potassium  Ferro-and  Ferricyanide  as  Reagents.  Luckow  {Chem. 
Zeit.y  XV.,  1491).  Zn  can  be  determined  gravimetrically  or  volumet- 
rically  by  ferricyanide  in  presence  of  Pb,  in  a  solution  acidulated  with 
HNOj  or  HCjHjO,.  In  the  filtrate  the  Pb  may  be  similarly  estimated 
by  use  of  ferrocyanide.  SnO,  may  be  determined  by  ferrocyanide  in 
presence  of  SbjO,  and  As^O^  .if  the  solution  is  first  evaporated  with 
HjCjO^,  redissolved,  and  a  little  H^SO^  added.  The  purity  of  either 
potassium  ferro-  or  ferricyanide  is  often  open  to  question.  Daylight  or 
heating  above  50°  to  60**  C.  may  convert  ferricyanide  into  ferrocyanide. 
The  presence  of  the  latter  may  be  recognized  by  testing  with  uranium 
salts  or  lead  salts,  which  should  show  no  coloration  or  precipitate. 
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The  indicators  for  the  volumetric  use  of  these  two  salts  are  of  two 
classes :  The  one  class  determine  whether  the  metal  has  been  precipi- 
tated ;  the  other,  when  an  excess  of  the  reagent  has  been  used.  Among 
the  first  are  the  alkaline  sulphides ;  among  the  second  the  author  finds 
Cu(C,H,0,X  acidified  with  HC,H,0,  to  be  useful.  The  solution  titrated 
should  be  20  to  30  c.c.  in  bulk  and  contain  o.i  to  0.15  gramme  of  the 
metal  to  be  determined.  If  filtration  is  required  the  ferricyanides  filter 
the  more  readily. 

Making  Lakmoid,  Schaerges  {Chem,  Zeit,^  xv.,  No.  95)  heats  NaNO, 
and  resorcin  without  addition  of  water  to  not  over  iio^.  After  cooling 
the  melt  is  dissolved  in  water  and  undecomposed  resorcin  removed  by 
shaking  with  ether.  The  reagent  is  purified  by  acidification  of  the  water 
solution  as  usual. 

Alkalimetric  and  Acidimetric  Solutions,  Borntrager  {Fres,  Zts.,  xxxi., 
43).  To  verify  normal  or  fractional  normal  solutions  many  plans 
are  used : 

For  normal,  etc,^  HCl,  gravimetric  or  volumetric  with  AgNO,. 

For  normal,  etc,  H^C^O^,  gravimetric  with  ammonia  and  CaCl,,  also 
by  volumetric  K,Mn,Og. 

For  normal,  etc.,  If^SO^,  gravimetric  or  volumetric  with  BaCl,. 

For  normal,  etc,  HNOy  Neutralize  exactly  with  K,CO„  evaporate 
and  ignite  with  weighed  amount  of  SiO,  and  weigh. 

A  similar  method  with  SrCO,  is  used,  in  which  the  Sr(NOj),  is  washed 
with  a  mixture  of  equal  parts  of  alcohol  and  ether  before  adding  the 
SiO,.  Exact  neutralization  with  Ba(OH),  or  Ca(OH),  and  gravimetric 
determination  of  the  amount  of  base  converted  to  nitrate  may  be  used. 

Also  the  nitrometer  and  conversion  to  ammonia,  estimated  gravi met- 
rically by  PtCl,. 

For  normal,  etc,  KOH^  K^CO^,  or  ammonium  solution.  Neutralize 
by  HCl  and  determine  gravimetrically  by  PtCl^. 

For  normal,  etc,  NaOH.  Neutralize  with  HCl  or  H,SO^,  evaporate 
to  dryness  and  weigh. 

Ba(OH)j  solutions  cannot  be  stronger  than  fifth  normal,  Ca(OH\  so- 
lutions than  thirtieth  normal.  Determine  gravimetrically  as  BaSO^  or 
Ca^CjO^  respectively. 

To  determine  the  strength  irrespective  of  possible  impurities  one 
may  use : 

For  Normal^  etc.  Acids \ 

Dry  Na^CO^  or  NaHCOy  Either  should  be  ignited  gently  before 
use.  The  chief  impurities  are  likely  to  be  NaCl,  Na^SO^,  or  H,0, 
though  SiO,,  K,  Ca,  Mg,  Fe  and  Al  salts  may  be  present. 

K^CO^  obtained  by  ignition  of  weighed  amounts  of  KHQH^Oe. 

CaCOy  Pulverized  double  refracting  spar  dried  at  100°;  also  ob- 
tained by  ignition  of  weighed  quantities  of  CaC,0^  or  CaC^H^O,,  pre- 
pared by  precipitation^  using  the  purest  materials  possible ;  also  that  ob- 
tained by  precipitating  pure  CaCl,  with  (NHJ^CO,  at  a  boiling  heat. 

For  Normal,  etc.  Alkalies,  •  H,C,0^,  2H,0.  Possible  impurities, 
Ca,  K,  HjSO^  and  sulphates ;  other  material  which  will  not  sublime, 
effloresced  crystals.  (Fresenius  asserts  that  some  efflorescence  may  oc- 
cur at  20**  C).     Purify  by  repeated  crystallization,  or  by  partially  dis- 
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solving  in  a  limited  amount  of  alcohol,  crystallizing'  from  the  filtrate, 
and  re-crystallizing  from  water  solution.  Or  by  crystallizing  from  a 
boiling  solution  containing  lo  to  15  per  cent.  HCl,  washing,  and  then 
re-crystallizing  from  water  solution.  The  sublimed  acid  (anhydrous 
H,C,0^)  has  been  used  by  some.  Others  check  the  purity  of  the  acid 
by  drymgsome  at  100^  and  weighing.  Decomposition  of  the  solutions 
by  standing  may  be  prevented  by  heating  them  in  closed  flasks  to  60^ 
or  70**  C.  lor  thirty  minutes. 

Ar/^Cj(?4, -^j^  is  liable  to  the  same  impurities.  It  is  more  efflores- 
cent. 

KHC^O^i  H^CO^i  2H^0  is  open  to  the  same  objections;  a  deter- 
mination of  water  should  be  made  every  time  it  is  used.  For  complete 
drying  128**  C.  is  needed. 

Salts  of  heavy  metals  in  solution,  after  precipitation  by  H,S.  The 
difficulty  with  these  consists  in  getting  al^olutely  pure  salts,  free  from 
basic  salt  and  free  acid,  and  containing  the  correct  amount  of  water  of 
crystallization.  Similar  objections  are  made  to  the  use  of  CuSO^  in 
solution  with  neutral  K,SO^  or  Na^O^,  where,  after  electrolyzing,  the 
free  acid  is  calculated  from  the  amount  of  Cu  deposited. 

KHCJfffi^  is  preferred  by  the  author  as  non-hygroscopi<:,  and  con- 
taining no  water  of  crystallization.  It  may  be  prepared  by  addition  of 
an  excess  of  cone.  KCjH,0,  solution  to  cone,  solution  of  H,C^H^O,, 
washing  the  precipitate  with  (50  per  cent.)  alcohol,  and  drying.  The 
author's  method  of  purification  is  boiling  the  purest  obtainable  salt  for 
several  hours  with  one  part  water  and  one  tenth  part  HCl  (Sp.  gr.  1.13) 
cooling  with  stirring,  draining  off  and  re-crystallizing  from  water  solu- 
tion. The  salt  may  be  used  directly  for  alkalies  or  ignited,  for  acids, 
with  litmus  paper  as  indicator. 

Colorimetric  Determination  of  Small  Quantities  of  Iron,  Riban.  {BulL 
Soc,  Chim  [3]  vi.,  916.)  Methods  based  on  the  intensity  of  coloration 
imparled  by  ferric  sulphocyanate,  acetate  or  alkaline  tartrate  are  un- 
suited  for  even  approximate  estimations  of  iron,  these  salts  being  par- 
tially decomposed  by  the  degree  of  dilution  necessary  for  the  perform- 
ance of  the  test. 

Alumina  and  Iron  Oxide  in  Fertilizers,  Krug  {Jour,  Anal,  and 
App,Chem,^  v.,  671.),  has  investigated  several  of  the  methods  proposed. 
Glaser's**alcohol  method' 'and  its  various  modifications  (wV/^  Quarterly 
xi.,  273;  xii.,  262;  xiii.,  74)  were  found  unsatisfactory.  The  best 
method  is  said  to  be  that  of  McElroy,  practically  that  of  Ogilvie 
(Crookes*  Select  Methods  2d  ed.,  p.  539.)  It  consists  in  placing  100  c.c. 
of  nitric  acid  solution  (=1  gm.)  of  the  substance  in  a  500  c.c.  flask 
and  adding  some  NH^NO,  and  sufficient  molybdate  to  precipitate  the 
PjOj.  After  standing  over  night  at  the  temperature  of  the  laboratory, 
the  solution  is  made  up  to  the  mark,  filtered  through  a  dry  filter,  and 
lots  of  100  c.c.  each,  taken  for  further  treatment.  To  each  of  these 
NH^NOg  and  ammonia  are  added,  keeping  the  solution  cool.  The  pre- 
cipitates of  ferric  and  aluminic  hydrates,  should  be  redissolved  in  dilute 
HNOj  (containing  NH^NO,)  and  reprecipitated  by  ammonia  to  remove 
molybdic  acid.  The  latter  will  accompany  the  precipitate  if  heat  is 
used  in  the  precipitation.     The  precipitate  from  one  lot  may  be  ignited 
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and  weighed,  and  that  from  another  lot  may  be  dissolved  in  HjSO^,  re- 
duced with  Zn  and  titrated  for  Fe. 

Commercial  Aluminum.  Regelsberger  (Z/J.  Angew.  Chem.y  1891, 
360).  Silicon.  Dissolve  2  to  4  gms.  in  a  Pt.  dish  with  six  times  its 
weight  of  KOH  and  50  c.c.  water.  Neutralize  with  HCl,  evaporate  to 
dryness,  etc.  The  resulting  SiO,  should  be  tested  with  HFl.  It  has 
been  found  that  by  solution  in  HCl,  evaporation  to  dryness,  redissolving 
and  filtering,  the  residue  (consisting  of  Si,  SiO,  and  Fe^Oa)  has  the 
same  weight  as  the  pure  SiO,  obtainable  from  a  sample.  Si  probably 
occurs  in  two  forms  in  commercial  aluminum,  since  some  Si  as  well  as 
SiO,  is  always  found  in  the  residue  obtained  by  dissolving  in  HCl. 

Iron,  Dissolve  3  gms.  in  50  c.c.  of  40  per  cent.  KOH  solution  in  a 
500  c.c.  flask,  add  200  c.c.  dilute  HjSO^  (sp.  gr.  1.16),  warm  until 
clear,  cool  and  titrate  with  K,Mn,Og. 

Aluminum,  Dissolve  2  gms.  in  water  containing  12  gms.  KOH  and 
dilute  to  200  c.c.  Take  500  c.c.  of  this  solution  and  boil  with  excess 
of  NH^NOg,  filter,  wash,  ignite  and  weigh.  Then  pulverize  and  ignite. 
Take  aliquot  parts  ;  boil  one  with  water  and  estimate  any  alkali  present; 
fuse  another  part  with  KHSO^,  dissolve  in  water  and  filter  off  and 
weigh  SiO^  Deduct  alkali  and  SiO,  from  the  weight  of  the  original 
precipitate. 

Decomposing  Chromite,  Jannasch  and  Vogtherr  (^Berichte^  xxiv^  3206). 
Chromite,  as  well  as  several  other  minerals,  can  be  decomposed  by 
heating  for  8  to  10  hours  at  250®  C.,or  over,  in  a  sealed  tube  or  plati- 
num digester,  with  NH,Cl  and  concentrated  HCl.  The  proportions 
used  for  chromite  are  i  gm.  of  mineral,  2  gms.  NH^Cl,  and  10  c.c. 
cone.  HCL 

Decomposing  Minerals  Containing  Titanium,  Jones  (yi  Anal,  and 
App.  Chem,^  v.,  622).  Heating  2  gms.  of  the  pulverized  mineral  with 
20  c.c.  water  and  20  c.c.  cone.  H^SO^  in  a  pressure  bottle  at  200*  C. 
for  two  hours  is  recommended.  Longer  heating  at  a  lower  temperature 
is  also  efficient. 

Colorimetric  for  Titanium.  Dunnington  {/our.  Am.  Ckem.  Soc, 
xii).  In  making  the  estimation  by  Weller's  method  {Berichte^  xv., 
2592  ;  Cf,  Quarterly,  xii.,  264) — intensity  of  coloration  produced  by 
addition  of  H,0, — it  was  found  that  unless  the  melt  obtained  with 
NaHSO^  was  dissolved  in  (cold)  H,SO^  of  5  per  cent,  strength  or 
stronger,  the  estimation  was  incorrect.  The  formation  of  raetatitanic 
acid  was  found  to  be  the  cause.  For  a  correct  estimation,  therefore, 
H,SO^  of  at  least  5  per  cent,  must  be  used  in  dissolving  the  melt. 

Stparaticn  of  Manganese.  Jannasch  and  Franzek  {Berichte^  xxiv. ,  3  205 ) 
have  already  recorded  the  fact  that  Mn  may  be  separated  from  Zn  by  the 
use  of  H,Oj  in  a  strongly  ammoniacal  solution  containing  NH^CL  At- 
tempts to  effect  separation  in  the  same  manner  from  Ni  or  Co,  or  both, 
showed  that  it  could  only  be  accomplished  in  a  double  cyanide  solution 
of  the  sulphates,  and  not  in  any  other  of  the  solutions  tried. 
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Ferrocyanide  Titration  of  Zinc,  Blum  {Frgs,  Zfs.,  xxxi.,  60). 
Render  solution  (containing  no  members  of  the  H,S  group)  ammoni- 
acal,  add  a  few  drops  of  Br  water,  then  5  c.c,  of  Moldenhauer's  mix- 
ture; boil,  filter,  and  titrate.  The  precipitate  contains  all  the  iron, 
manganese  and  alkaline  earths.  Moldenhauer's  mixture  contains  per 
100  c.c,  5  gms.  solid  ammonium  carbonate,  5  gms.  NH^Cl  and  10  c.c. 
ammonia. 

Separation  of  Bismuth  and  Lead,  Remmler  (JBerichte^  xxiv.,  3554). 
BiClj  was  found  to  be  volatile  at  the  temperature  of  boiling  sulphur, 
while  PbCl,  is  not.  The  mixed  chlorides  are  inserted  in  a  test  tube, 
which  is  supported  in  a  larger  one  containing  sulphur  heated  to  the 
vaporizing  point,  while  a  current  of  CI  is  passed  through  the  inner  tube. 
In  the  course  of  an  hour  all  the  BiCl,  will  be  volatilized.  The  separa- 
tion can  be  effected,  starting  with  metals  as  sulphides.  In  that  case  a 
preliminary  treatment  is  necessary. 

Separation  of  Bismuth  and  Cadmium.  Jannasch  and  Etz  (JBerichte^ 
xxiv.,  3476).  The  mixed  sulphides  absolutely  dry  are  heated  in  a  tube 
in  a  current  of  Br.  Bi  Br,  is  volatilized  and  condensed  in  dilute  HCl. 
The  Cd  Br,  remaining  unvolatilized  is  dissolved  in  dilute  HCl  and  pre- 
cipitated boiling  with  Na^CO,.  The  solution  containing  the  Bi  is 
evaporated  two  or  three  times  with  HNO,,  and  precipitated  boiling  with 
(NH^),CO,  and  ammonia. 

Analytical  Separations  of  Arsenic ^  Mercury,  etc.  Haack  (Fres,  Zts  , 
xxxi.,  79).  As  from  Hg.  Both  elements  should  be  in  the  highest  state 
of  oxidation.  Supersaturate  the  solution  with  ammonia,  and  add  drop 
by  drop  a  moderately  strong  solution  of  KCy  until  the  white  precipitate 
is  entirely  dissolved.  Add  one- fourth  the  volume  of  ammonia  and  the 
same  of  alcohol,  and  then  precipitate  As  with  Mg  mixture.  P,0,  can 
be  separated  from  Hg  in  the  same  manner. 

HNO^  HCl  or  Na  may  be  separated  from  Hg,  As  or  P^O^  by  boiling 
the  solid  substance  with  solution  of  Ba(OH),  and  filtering.  For  the 
acids  the  filtrate  is  saturated  with  CO,  to  remove  excess  of  Bi,  and  the 
remaining  Ba  (combined  as  nitrate  or  chloride)  separated  by  H,SO^, 
and  from  the  weight  of  the  precipitate  the  proportion  of  HNO,  or  HCl 
calculated.  In  the  case  of  Na  the  Ba  is  separated  as  sulphate,  and  the 
filtrate  therefrom  evaporated,  the  resulting  Na^SO^  being  weighed.  Na 
in  a  substance  may  be  separated  from  Hg  or  As  by  mixing  with  NH^Cl 
and  igniting  to  constant  weight  at  a  gentle  heat.     NaCl  remains. 

Detection  of  Arsenic,  Thiele  (Z/>^/^*x-<4»«a/f«,  cclvi.,  55).  If  the 
''  noble  metals  "  and  Ca  are  absent  the  test  can  be  applied.  Acidulate 
strongly  with  HCl,  add  sodium  hypophosphite  in  the  proportion  of  i 
gramme  to  every  lo  c.c.  of  the  solution,  and  warm  on  the  water  bath. 
A  brown  precipitate  forms  more  or  less  promptly  according  to  the  pro- 
portion of  As  present.  The  sensitiveness  of  the  test  is  increased  by  the 
addition  of  a  crystal  of  KI. 

Testing  Iron  for  Arsenic,  Sautermeister  (C^^w.  Zeit,,  xv.,  1021). 
The  German  Pharmacopoeia  recommends  dissolving  in  HCl  and  testing 


ABSTRACTS. 


179 


the  H  exolved  as  in  the  Marsh  apparatus.  The  author  finds  that  unless 
an  excess  of  Zn  is  introduced,  metallic  As  is  precipitated,  and  no  AsH, 
appears  in  the  evolved  gases. 

Sensitiveness  of    Various    Tests  for  Arsenic.      Curt  man n    {Pharm. 
Rundschau^  ix.,  175). 
Reagent. 

k.%^^  in  c.c. 


■_»>. 


AgNO,  . 


00. 1  Mg.  o.ooi  Mg.         0.001  Mg.  o.oooi  Mg. 

SI  yellow     Yellow  in     No  reaction, 
in  2  min.     in  15  min. 
SI.  yellow 
in  6  min. 
(Scheele's)  CuSO^  ~\-  Ammon.     Immediate      Scarcely 

p'p't.         p'rc'ptible. 
(Bettcndorf»s)  SnCl,  +  HCl    .       Slight  No  reac- 

brown.  tion. 

(Gutzeit's)  As  H,  on  AgNOj  ,  Yellow        Barely  pcrcepti- 

stain  in  ble  in  i  hour. 

30  min. 

For  pharmaceutical  tests  Bettendorfs  is  preferable. 

Separation  of  Platinum^  etc^from  the  Non-Noble  Metals,  Joly  and 
Leidie  (C  Rend.^  cxii.,  1259).  The  dilute  HCl  solution  warmed  to  60° 
C.  receives  the  gradual  addition  of  KNO,.  Pt  first  precipitates  as 
K,PiCl^  After  cooling  and  filtering  the  solution  is  warmed,  and 
more  KNO,  is  gradually  added.  This  affords  a  precipitate  containing 
Rh,  Bi  and  Sn.  Cool  and  filter,  then  add  an  excess  of  KNO.^  until  the 
solution  becomes  alkaline  when  Fe  and  Cu  are  precipitated.  The  filtrate 
from  these  still  contains  Pt  and  Pd. 

Determination  of  Thallium.  Baubigny  (C  Rend,^  cxiii.,  Oct.  26, 
1891).  The  iodide  is  insoluble  in  a  i  per  cent,  solution  of  KI  and  also 
in  alcohol.  It  therefore  suffices  to  precipitate  with  excess  of  KI  solu- 
tion, wash  with  a  1  per  cent,  solution  of  KI,  and  finally  with  alcohol  of 
about  80  per  cent. 

Sulphur  Estimation.  Tread  well  {BericHtej  xxiv.,  1937).  The  pul- 
verized material  is  mixed  with  metallic  iron  (ferrum  reductum)  and  the 
mixture  heated  for  ten  minutes  in  a  boat  inserted  in  a  combustion  tube, 
a  current  of  CO,  being  passed  through.  The  boat  and  contents  are 
then  placed  in  a  flask,  which  is  filled  with  hydrogen,  and  HCl  is  allowed 
to  drop  in  slowly.  The  evolved  gases  are  passed  into  ammoniacal  H,0, 
solution  or  AgNO,.     A  blank  test  is  necessary. 

Craig's  {Chem.  News,  Ixiv.,  266)  method  is  also  an  "evolution" 
method  after  previous  heating  with  zinc  dust.  10  to  20  grammes  of  the 
pyrites  (or  similar  material)  is  weighed  out  in  an  ignition  tube  of  Bohe- 
mian glass.  Five  times  its  weight  of  zinc  dust  is  introduced  and  the 
materials  are  mixed  by  means  of  a  platinum  wire.  After  covering  with 
a  layer  of  zinc  dust,  a  rod  (the  end  of  which  has  been  flattened  to  a 
disc)  is  inserted  and  wedged  in  place  (by  way  of  a  handle)  with  asbestos 
yam.    The  tube  and  contents  are  then  heated  gradually  up  to  incan- 
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descence  in  the  flame  of  a  Bunsen  burner.  After  maintaining  this  heat 
for  half  a  minute  it  is  withdrawn  gradually  and  cooled.  All  sulphates 
in  the  substance,  as  well  as  the  higher  sulphides,  are  thus  converted  into 
monosulphides  from  which  all  the  S  may  be  evolved  as  H,S  by  the  action 
of  HCl  in  a  current  of  coal  gas  or  other  non-oxidizing  gas. 

Phosphorus  in  Iron,  Hamilton  (^/.  S.  C,  I.,  x.,  904).  A  series  of 
experiments  are  detailed  from  which  the  author  concludes:  i.  That  the 
carbonaceous  matter  in  a  solution  of  iron  does  not  prevent  the  precipi- 
tation of  properly  oxidized  phosphorus  as  ammonio-phosphomolybdate. 
2.  That  the  reason  of  the  incomplete  precipitation  of  phosphorus  from 
a  nitric  acid  solution  of  iron,  which  has  not  been  evaporated  to  dryness 
and  roasted,  is  that  the  phosphorus  has  not  all  been  properly  oxidized. 
r{.  That  in  such  solutions  all  the  phosphorus  can  be  completely  oxidized 
and  rendered  precipitable,  in  the  wet  way,  by  means  of  certain  oxidiz- 
ing agents. 

Phosphoric  Acid  in  Slags.  Edwards  {^Chem.  NewSy  Ixiv.,  275).  Some 
slags  which  resisted  the  action  of  aqua  regia  decomposed  easily  on  heat- 
ing for  an  hour  in  a  Kjeldahl  flask  with  HjSO^  and  a  drop  of  metallic 
Hg.  In  the  solution  from  this  treatment  the  citro-magnesic  solution 
gave  a  precipitate  containing  something  other  than  MgNH^PO,.  By 
dissolving  in  HNO,  and  titrating  with  uranium  salt  a  satisfactory  deter- 
mination of  P,Oj  was  effected. 

Silica  in  Presence  of  Iron,  Leclerc  (  Comptes  Rend, ,  cxii . ,  1 1 3  2) .  In 
the  analysis  of  manufactured  irons,  and  in  some  other  cases,  the  silica 
obtained  by  evaporation  of  the  solution  to  dryness  is  frequently  con- 
taminated with  iron.  This  may  be  avoided  by  the  addition  of  KCl  in 
sufficient  quantity  to  form  a  double  potassium  ferric  chloride  which  salt 
does  not  readily  decompose  at  the  temperature  of  desiccation. 

Determining  Silica  in  Substances  Containing  Fluorine.  Hampe 
{Chem.  Zeit.,  xv.,  1521^  Fuse  0.5  to  i  gramme  of  substance  with  8  to  10 
times  its  weight  of  borax  for  twenty  minutes.  A  portion  of  the  borax 
(which  should,  of  course,  be  free  from  SiO,)  is  used  as  a  bed,  and  another 
portion  as  a  cover,  the  remainder  being  mixed  with  the  pulverized 
substance.  After  cooling,  digest  in  hot  water  in  a  Pt.  basin  until  the 
melt  is  disintegrated,  an  operation  requiring  about  two  days.  Add  half 
as  much  NH^CI  as  the  weight  of  borax  taken,  warm  until  there  is  no 
odor  ofanmionia,  filter  through  Pt  or  caoutchouc  funnel  and  wash.  Re- 
serve the  insoluble  portion.  Evaporate  the  filtrate  to  dryness  in  plati- 
num, heat  to  over  100°  and  redissolve  in  water.  Render  alkaline  with 
(NHJjCOj,,  filter  and  evaporate  again.  Repeat  this  as  long  any  precipi- 
tate is  obtained.  Unite  the  insoluble  residue  and  all  the  precipitates, 
ignite,  fuse  with  Na^CO,.  dissolve  in  HCl,  and  evaporate  to  dryness  for 
SiOj  in  the  usual  manner.  It  may  be  advisable  to  evaporate  the  filtrate 
to  dryness  to  recover  a  small  amount  of  SiO,. 

Nitric  Nitrogen  and  Total  Nitrogen.  Boyer  (C  Rend,^  cxiii.,  503, 
October,  1891).  A  nitrate,  subjected  to  combustion  after  mixture  with 
CaCjO^  and  soda  lime,  affords  about  two  thirds  of  its  nitrogen  as  am- 
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monia.  If  sulphur  is  added  to  the  mixture,  all  is  converted  to  ammo- 
nia. The  mixture  used  is  :  S,  i  part ;  CaCjO^,  2  parts,  and  soda  lime,  6 
parts.  The  combustion  tube  is  charged  thus:  At  the  rear  end,  2 
grammes  CaC^O^  then  10  grammes  powdered  soda  lime,  then  10 
grammes  of  the  mixture  mingled  with  the  material  to  be  analyzed  (con- 
taining not  more  than  the  equivalent  of  0.5  gramme  of  NaNO,  or 
KNO3),  ^^^^  10  grammes  of  the  mixture,  then  10  grammes  of  soda 
lime,  and  finally  an  asbestos  plug.  I'he  combustion  can  be  completed  in 
40  minutes. 

Organic  Matter  in  Water.  Young  (y.  5.  C /.,  x. ,  884).  ¥ox  total  organic 
matter,  i  litre  of  water  receives  the  addition  of  0.5  dried  and  ignited 
Na^CO,.  It  is  then  distilled  in  a  conical  iron  still  of  2  litres  capacity, 
attached  to  a  tin  worm  condenser.  When  970  c.c.  have  distilltd  off, 
the  still  is  cooled  and  the  contents  and  washings  evaporated  to  dryness 
in  a  platinum  dish.  The  residue  is  dissolved  in  a  little  water,  filtered 
through  asbestos  into  a  Pt.  dish,  the  solution  evaporated  and  dried  at 
150°  C.  for  an  hour,  and  weighed.  This  residue  is  dissolved  in  water, 
H^SO^  added,  and  standard  permanganate  (i  c.c.  =  0.0001  grm.  0} 
run  in  until  the  color  is  permanent  for  five  minutes.  The  weight  of  oxy- 
gen lost,  thus  ascertained,  is  deducted  from  the  loss  on  ignition,  and 
the  difference  is  total  organic  matter. 

YoT  fixed  organic  matter  the  proceeding  is  the  same,  except  that  the 
Na,CO,  is  not  added  until  the  solution  is  transferred  from  the  still. 

For  volatile  organic  matter  the  distillate  from  the  fixed  organic  mat- 
ter is  is  re-distilled  after  addition  of  0.05  gih.  Na^COj  as  in  the  case  of 
**  total,"  until  25  c.c.  remains  in  the  still,  when  it  is  treated  as  described 
under  **  total,"  except  that  it  is  unnecessary  to  to  ascertain  the  oxygen 
lost  by  ignition.  The  result  represents  about  two-thirds  of  the  total 
volatile  organic  matter.  The  whole  process  depends  on  the  point  that 
the  excess  of  Na,COj  prevents  the  volatilization  of  organic  matter  with 
the  steam. 

The  asbestos  used  should  be  carefully  purified  by  boiling  with  HCl, 
washing,  boiling  with  strong  Na^COj  solution,  and  washing  again. 

Miscellaneous.  , 

Briquettes  from  I^ignite. — J.  C.  Newbury  {Rep,  Min,  Dep.^ 
Victoria^  Australia^  1890)  finds  that  Brown  Lignites  canndt  be  made 
into  Briquettes  by  pressure  and  tar,  as  they  are  too  friable  to  handle 
after  sustaining  a  pressure  of  10.75  pounds  per  square  inch.  Has  seen  a 
good  Briquette,  not  easily  broken,  said  to  have  been  made  by  heating 
the  lignite  to  the  temperature  at  which  the  tarry  matters  are  formed, 
and  passing  it  immediately  to  the  moulds  before  they  are  given  off. 

E.  G. 

Tandem  Tanks  for  Hoisting  Water  from  Flooded  Slopes,  by  J. 
H.  Bowden,  at  Glen  Summit  meeting  of  American  Institute  of  Mining 
Engineers,  October,  1861  : 

'*  The  water-hoisting  tanks  here  described  have  been  designed  for 
removing  large  quantities  of  water  from  recently  flooded  mines,  through 
their  hoisting-slopes,  with  rapidity  proportional  to  the  capabilities  of  the 
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hoisting  machinery  availablci  the  tanks  being  adaptable  to  slopes  of 
small  sectional  areas  and  varying  pitches." 

''  The  following  features  may  be  of  interest  to  those  operating  mines 
liable  to  be  flooded." 

*'  I.  The  arrangement  of  doors  on  each  tank  by  which  it  may  be 
automatically  filled  by  immersion  at  any  point  on  the  varying  pitch  of 
a  slope,  the  water  being  retained  while  hoisting  on  the  flat  as  well  as  on 
the  steep  pitches,  and  quickly  and  automatically  discharged  at  the  top.' ' 

"2.  Tiie  arrangement,  in  connection  with  the  above-mentioned 
doors,  of  side-wheels  over  the  rear- wheels  of  each  tank  and  of  side- 
dumping  tracks  at  the  top  of  the  hoist,  for  the  automatic  emptying  and 
quick  return  of  the  tank.** 

"3.  The  arrangement  of  two  or  more  tanks,  one  in  front  of  the  other, 
so  as  to  give  as  large  a  capacity  in  a  single  hoist  as  the  engine  power 
will  permit,  yet  without  making  any  tank  too  large  for  the  sectional  area 
of  the  slope,  or  of  unwieldy  length,  or  of  such  a  shape  that  it  cannot 
easily  pass  over  vertical  curves,  and  without  concentrating  too  much 
weight  on  any  pair  of  wheels  or  on  any  point  of  the  track.*' 

"  At  the  end  of  each  tank  is  a  large  iron  door  of  almost  the  full  size 
of  the  end  of  the  tank,  opening  inwards,  so  that  when  immersed  the 
tanks  fill  almost  instantly.  To  provide  for  holding  the  water  while  it  is 
hoisted  up  fljit  pitches,  a  wooden  door  is  attached  to  the  front  of  each 
tank,  o()ening  outward.  Each  front  door  is  attached  to  the  door  at  the 
bick  by  an  iron  rod,  provided  with  a  sliding  link,  so  that  the  back  door 
can  open  independently  of  the  front;  but  the  latter  is  held  closed  as 
long  as  the  rear  door  is  closed.  This  connecting  rod  passes  through  the 
front  door  and  through  a  spiral  spring  in  front  of  it,  so  that  the  amount 
of  pressure  necessary  to  keep  the  water  from  leaking  out  may  be  readily 
applied.'* 

**The  tanks  are  mounted  on  self  oiling  closed  wheels,  so  arranged  as 
to  exclude  water  from  the  bearings  while  the  tanks  are  immersed,  and  to 
retain  the  lubricant." 

**  Each  tank  is  provided  also  with  side-wheels,  vertically  over  the  rear 
axle,  which  have  a  gauge  sufficiently  wide  to  clear  all  other  portions  of 
the  tank ;  and  on  the  surface  an  elevated  track  is  provided,  upon  which 
these  dumping-wheels  run  and  thus  raise  the  rear  end  of  each  tank  as 
much  as  may  be  necessary  to  dump  the  water  into  a  trough  between  the 
tracks ;  the  tilting  forward  of  the  tanks  opening  the  back  door  and 
releasing  the  front  one.  The  tanks  while  emptying  rest  on  their  for- 
ward wheels  and  on  the  dumping-wheels.  By  having  the  tracks  at  the 
surface  slightly  up  grade,  the  tanks  will  run  back  when  empty,  as  soon 
as  the  rope  is  slackened.  To  allow  this  dumping,  the  hoisting-rope  is 
attached  to  the  tanks  by  a  yoke  reaching  back  on  the  sides  and  pivoting 
on  the  axle  of  the  dumping-wheels,  the  tanks  back  of  the  first  one 
being  attached  by  eye-bars  reaching  from  axle  to  axle  of  the  dumping- 
wheels  on  the  tanks.  A  stop  is  provided,  to  prevent  the  yoke  on  the 
forward  tank  from  dropping  and  catching  in  the  track  when  the  rope  is 
slackened.*' 

'*  This  plan  of,  'tandem  tanks'  was  designed  and  used  to  hoist  about 
25,000,000  gallons  of  water  which  had  been  admitted  to  extinguish  a 
mine  fire  in  one  of  the  Susquehanna  Coal  Company's  mines.  The 
slope  was  small  in  section,  and  3200  feet  long,  with  single  track,  and 
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with  pitches  varying  from  4  to  20  degrees.  The  hoisting  plant  consisted 
of  a  pair  of  26  inches  by  60  inches  direct  acting  engines  with  cast  coned 
drum,  9  to  12  feet  in  diameter,  carrying  i  ^-inch  steel  rope.  These 
engines  had  been  previously  hoisting  five  cars,  weighing  about  4  tons 
each  when  loaded."  E.  G. 

Electricity  in  Mining. — Holt.  Trans.  Am.  InsL  Min.  Eng,y  October, 
1891.  The  hoist  '\^2^iy(t  horse  power  street  car  motor,  manufactured  by 
the  Sprague  Electric  Railway  and  Motor  Company.  The  motor,  by 
engaging  with  a  second  drum,  draws  the  empty  cars  in  the  tunnel  by  a 
tail-rope  system,  the  loaded  train  running  out  by  gravity.  This  motor 
proved  the  success  of  the  plant  from  the  start,  notwithstanding  the  try- 
ing conditions  under  which  it  was  at  first  used — one  of  which  was  the 
great  amount  of  moisture  in  the  workings,  which  condensed  upon  the 
machine.  Later,  the  iron  pinions  on  the  armature-shaft  were  exchanged 
for  raw-hide  pinions,  diminishing  the  noise  when  running,  and  also  the 
liability  of  any  leakage  of  current  to  the  levers  and  other  parts  of  the 
machinery.  The  working  of  this  motor  was  so  successful  that  during  the 
same  year  another  similar  hoist  was  introduced.  Each  of  these  hoist- 
ers  was  designed  to  raise  250  tons  250  feet  up  a  60^  incline  every  24 
hours,  estimating  16  hours  of  actual  working  time. 

The  first  motor  has  been  in  constant  use  for  hoisting  f6r  3  years, 
during  which  time  the  cost  of  repairs  has  been  as  follows: 

{a)  Re-placing  field-magnet  coils, f  43-00 

\b)  Ke-winding  one  armature, 80.00  j 

{c)  Replacing  commutators, tS-^^ 

Total  repairs,    « ^198.00 

a^  Burning  out  of  insulation  on  wires  of  magnet  coils. 

b^  Bursting  of  binding  wires  on  armatures. 

Cj  Due  to  use  of  Arc  brushes.    Carbon  now  used.     No  sparking  and  less  wear. 

Recently  finding  that  the  7  1-2  horse  power  hoist  at  the  head  of  one 
of  the  inclines  was  getting  too  small  for  the  work  required,  it  was 
removed  and  a  25  horse- power  C.  &  C.  electric  motor  put  in  its  place.  j 

This  larger  moter  is  geared  so  as  to  raise  a  load  of  3000  pounds  up  60^ 
incline  275  feet  per  minute.  It  is  capable,  by  actual  timing,  of  making 
the  round  trip  from  a  depth  of  550  feet  with  a  load  of  3000  pounds,  in 
3  minutes. 

In  July,  1890,  the  Company  received  from  the  Sullivan  Diamond  Pros- 
pecting Company,  of  Chicago,  an  electric  prospecting-drill.  It  is  1 
operated  by  a  3  horse- power  Thomson-Houston  motor,  and  has  a  capac- 
ity of  4CO  feet,  taking  out  a  core  ||-  of  an  inch  in  diameter.  The 
average  per  shift,  allowing  fox  time  lost  in  moving,  setting  up  and  draw- 
ing cores,  is  15  feet,  one  drill-man  and  one  helper  being  employed. 
About  4400  feet  have  been  drilled  to  date  of  writing,  July  6,  1891. 
Tne  exact  coit,  including  all  expenses,  has  been  68  cents  per  foot. 
This  is  rather  higher  than  was  expected,  and  it  is  thought  that  it 
can  be  reduced. 

Cosi  of  Generating. — The  cost  of  generating,  as  obtained  by  dividing 
the  cost  of  labor  and  lubricants  (interest  and  depreciation  are  not 
included)    by    the    horse- power  demanded,    amounts   at    present    to 
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two-thirds  of  one  cent  per  horsepower  per  hour;  and  greater 
amounts  of  power  could  be  furnished  at  a  lower  rate  per  horse- 
power, as  up  to  loo-horse-power  no  increase  of  plant  would  be 
necessary.  The  cost  for  labor  would  remain  the  same,  and  the  cost 
of  lubricants  would  advance  but  little. 

The  plant  has  a  capacity  of  loo  electrical  horse-power,  which  is 
generated  by  two  50-horse-power  Thomson -Houston  motor-type  dy- 
namos, wound  for  a  constant  potential  of  500  volts.  These  are  run 
from  two  double  Pelton  water-wheels,  42  inches  in  diameter.  This 
current  has  not  been  found  fatal  so  far,  though  several  men  have 
received  shocks. 

Wiring. — Power  station  to  tunnel,  6000  feet,  are  bare  copper  wire, 
except  300  feet  on  each  end  which  is  insulated.  Loss  5  to  6  per  cent, 
when  carrying  maximum  load.  Inside  1000  feet,  Kerite  seven-strand 
conductors  having  heavy  insulation,  ^  inch  in  diameter,  loss  less  than  5 
per  cent.  E.  G. 

Electric  Motors  in  German  Mines.    Eilers  (^Am.  Inst,  Min.  Eng,, 
Oct.,  1891). 

During  two  years  Eilers  heard  of  only  four  electric  mine-locomotive 
plants;  three  Siemens-Halske,  one  Allgemeine  ElektrititatsGesellshaft. 

Of  the  installation  at  the  HohenzoUern  Grube,  which  will,  perhaps, 
serve  best  as  a  type  of  those  built  by  Siemens  and  Halske,  I  am  able 
through  the  kindness  of  Inspector  Kraski,  in  Beuthen,  to  present  some 
sketches.  At  this  mine  there  are  at  present  two  lines  on  which  electric 
locomotives  run.  Each  has  its  own  locomotive,  and  each  locomotive 
has  had  till  recently  its  specia'  dynamo  above  ground. 

These  dynamos  the  company  has  now  replaced  with  two  others  of  a 
newer  type  ('H19)  of  60  horse-power  each,  and  yielding  140  amperes 
at  300  volts.  Only  one  of  these  is  kept  in  use ;  the  other  being  held 
in  reserve. 

At  present,  the  current  is  transmitted  through  the  shaft  by  two  cables 
for  each  locomotive.  These  consist  of  a  core  of  rubber  with  19  copper 
wires  tinned  and  wound  with  impregnated  hemp,  the  whole  being 
protected  by  13  pieces  of  galvanized  iron  wire.  2}4  n^n).  thick. 

This  cable  is  fastened  to  the  shaft-wall  with  iron  hooks,  immediate 
contact  between  cable  and  hook  being  prevented  by  supporting  the 
former  at  the  p>oint  of  support  with  a  layer  of  wood  or  asbestos.  In  this 
way  the  loss  of  electricity  is  reduced  to  a  minimum;  formerly,  when 
using  a  cable  with  a  hard  covering  in  immediate  contact  with  the  iron 
hooks,  great  loss  of  current  was  caused  by  the  destruction  of  the  cover- 
ing and  insulation. 

The  cables,  220  meters  long,  carry  the  current  to  the  J_-irons  that 
serve  as  contact-rails.  From  these  it  is  transmitted  to  the  motor  by  a 
contact  sled. 

The  single  lengths  of  j_-iron  are  fastened  together  with  plates  bolted 
and  soldered  to  the  ends  to  be  joined. 

When  the  ''sled'*  w^as  first  introduced,  an  attempt  was  made  to 
lessen  its  friction  by  providing  on  the  frame  oil-boxes,  which  were  to 
keep  the  contact-rail  well  lubricated.  It  was  found,  however,  that 
the  oil  oxidized  very  rapidly,  and  then  the  j_-rails  soon  became, 
contrary  to  all  desire,  excellently  insulated.  I'he  contact-sleds  are 
therefore  now  made  without  oiling  arrangements. 
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From  the  middle  Qf  each  of  the  sleds  a  hemp  rope  runs  down  to  the 
locomotive.  Its  purpose  is  to  drag  the  sled  while  serving  also  as  a 
centre  about  which  the  conducting  cables  are  wound,  loosely,  so  as  to 
be  relieved  from  all  strain. 

Inspector  Kraski,  proposes  the  use  of  an  extra  brake  on  the  armature 
shaft,  in  order  to  lessen  the  starting  shock. 

From  the  brushes  the  current  passes  through  a  switch-board,  etc.,  and 
thence  in  cables,  down  the  shaft  in  the  gangways.  One  of  the  cables  is 
connected  with  the  rail,  the  other  with  the  overhead  conductor,  which 
consists  of  two  strips  of  band  iron  riveted  together,  or  strips  of  small 
profile  iron. 

It  is  very  easy  to  arrange  for  a  switch  with  this  conductor,  by  simply 
riveting  a  branch  to  the  main  conductor  wherever  there  is  a  switch  in 
the  track. 

Two  springs  fastened  to  the  top  of  the  locomotive  press  a  solid  block 
of  metal  against  the  band  iron  from  below,  and  so  allow  the  electricity 
to  enter  the  locomotive.  There  the  current  is  divided,  part  going  to 
excite  the  magnets  and  part  flowing  through  the  armature.  The  motor 
is  shunt-wound,  like  the  dynamo,  and  the  brushes  of  the  motor,  like 
those  of  the  dynamo,  are  of  gas-carbon.  Return  current  through  rail  to 
dynamo. 

Ratio  of  cost  of  electric  power  to  man  power,  .         .         .         40 :  100. 
To  horses, 71:100. 

All  mines  using  electric  power  described  are  coal  mines,  but  not  fiery. 

The  following  values  for  the  electrical  units  will  probably  be  univer- 
sally and  finally  adopted.  F.  B.  Crocker. 

Abstract  from  the  Report  of  the  Committee  on  Electrical  Stand- 
ards Appointed  by  the  Board  of  Trade,  England.  ' 

Ohm,  =  **  Resistance  offered  to  an  unvarying  electric  current  by  a 
column  of  mercury  of  a  constant  cross-sectional  area  of  i  square  mm. 
and  of  a  length  of  106.3  cm.  at  the  temperature  of  melting  ice. 

B,  A.  **  Unit  =^  .9866  new  ohm. 

'^  A  material  standard,  constructed  in  solid  metal  and  verified  by 
comparison  with  the  B.  A.  unit,  should  be  adopted  as  the  standard  ohm. 

Ampere.  =  *^  An  unvarying  current,  which  when  passed  through  a 
solution  of  nitrate  off  ilver  in  water  in  accordance  with  the  specifica- 
tions attached  to  this  report,  deposits  silver  at  the  rate  of  .001 118  grm. 
per  second." 

*'  An  alternating  current  of  one  ampere  shall  mean  a  current  such  that 
the  square  root  of  the  time  average  of  the  square  of  its  strength  at  each 
instant  in  amperes  is  unity."  Instruments  constructed  on  the  principle 
of  the  balance  (in  which  the  electro-dynamic  attraction  and  repulsion 
between  conductors  is  balanced  by  known  weights)  should  be  adopted 
as  standards  for  the  measurement  of  current  whether  unvarying  or  alter- 
nating. 

Vo^, — The  electrical  pressure  at  a  temperature  of  62°  F.  between  the 
poles  or  electrodes  of  the  voltaic  cell  known  as  Clark's  cell,  may  be 
taken  as  not  differing  from  a  pressure  of  1 .433  volts,  by  more  than  an 
amount  which  will  be  determined   by   a  sub-committee   appointed   to 
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investigate  the  question,  who  will  prepare  a  specification  for  the  con- 
struction and  use  of  the  cell. 

''  An  alternating  pressure  of  one  voir  shall  mean  a  pressure  such  that 
the  square  root  of  the  time  average  of  the  square  of  its  value  at  each 
instant  in  volts  is  unity.*' 

Instruments  constructed  on  the  principle  of  Sir  W.  Thomson's 
quadrant  electrometer  used  idiostatically  and  for  high  pressure  instru- 
ments on  the  principle  of  the  balance  (electrostatic  forces  being  balanced 
by  known  weights)  should  be  adopted  as  standards  for  the  measurement 
of  pressure,  whether  unvarying  or  alternating. 

The  specification  referred  to  in  the  definition  of  the  ampere  is  as 
follows : 

"  In  employing  the  silver  voltameter  to  measure  currents  of  about  i 
ampere  the  following  arrangement  should  be  adopted :  The  kathode 
on  which  the  silver  is  to  be  deposited  should  be  a  platinum  bowl  not  less 
than  lo  cm.  in  diameter,  and  from  4  to  5  cm.  in  depth. 

'*  The  anode  should  be  a  plate  of  pure  silver  some  30  square  cm.  in 
area  and  2  or  3  mm.  in  thickness. 

**  This  is  supported  horizontally  in  the  liquid  near  the  top  of  the  solu- 
tion by  a  platinum  wire  passed  through  holes  in  the  plate  at  opposite 
corners.  To  prevent  the  disintegrated  silver  from  the  anode  from  fall- 
ing on  the  kathode,  the  anode  should  be  wrapped  around  with  pure 
filter  paper  secured  at  the  back  with  sealing  wax.  Use  a  neutral  solution 
of  15  parts  by  weight  of  pure  silver  nitrate  to  85  parts  of  water. 

*•  The  resistance  of  the  voltameter  changes  somewhat.  To  prevent 
these  changes  having  too  great  an  effect  on  the  current,  some  resistance 
not  less  than  10  ohms  besides  that  of  the  voltameter,  should  be  inserted 
in  the  circuit.'* 

The  platinum  bowl  is  washed  with  nitric  acid  and  distilled  water ; 
dried  by  heat,  cooled  in  a  desiccator  and  weighed  carefully.  It  is 
nearly  filled  with  the  solution  and  connected  to  the  circuit  by  being 
placed  on  a  clean,  insulated  copper  support,  to  which  a  binding  screw 
is  attached. 

"  The  anode  is  then  immersed  in  the  solution  so  as  to  be  well  covered 
by  it  and  supported  in  that  position.  The  connections  to  the  rest  of  the 
circuit  are  made.'* 

**  Contact  is  made  at  the  key,  noting  the  time  of  contact.  The  cur- 
rent is  allowed  to  pass  for  not  less  than  half  an  hour  and  the  time  at 
which  the  contact  is  broken  is  observed.**  The  interval  must  be  accur- 
ately timed.  "The  solution  is  now  removed  from  the  bowl  and  the 
deposit  washed  with  distilled  water  and  left  to  soak  for  at  least  six 
hours.**  It  is  then  rinsed  successively  with  distilled  water  and  absolute 
alcohol  and  dried  in  an  air  bath  at  150^  C.  ''After  cooling  in  a  desic- 
cator it  is  weighed  again.  The  gain  in  weight  gives  the  silver 
deposited. 

**  To  find  the  current  in  amperes,  this  weight  (gain)  expressed  in 
grammes,  is  divided  by  the  number  of  seconds  during  which  the  cur- 
rent has  been  passed,  and  by  001 118.'*  The  result  is  the  time  average 
of  the  current,  if  the  current  has  been  varied.  **  In  determining  by  this 
method  the  constant  of  an  instrument  the  current  should  be  kept  as 
nearly  constant  as  possible,  and  readings  of  the  instrument  taken 
frequently.'*  This  gives  a  curve  from  which  the  mean  (time  average 
of)  current  may  be  found. 
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Ths  Phosphaies  of  America.  Where  and  how  they  occur,  how  they  are  mined, 
and  what  they  cost.  With  practical  treiAiiica  on  the  manufacture  of  sulphuric 
acid,  acid  phosphate,  phosphoric  acid,  and  conoentrated  superphosphates,  and 
selected  methods  of  chemical  analysis.  By  Francis  Wyatt,  Ph.D.  Second 
edition.  The  Scientific  Publishing  Co.,  27  Park  Place,  New  York:  1891.  8vo. 
187  pp. 

The  fact  that  the  preparation  of  a  second  edition  of  thb  book 
became  necessary  within  a  week  after  the  publication  of  the  firsts  is  a 
matter  upon  which  the  publishers  congratulate  themselves  in  their  pre- 
face to  this  edition.  Certainly  the  interest  in  the  phosphate  deposits  of 
our  continent  has  been  recently  much  stimulated,  and  the  book  before 
us  has  met  a  desire  on  the  part  of  many  to  have  collected  in  one  volume 
some  general  information  with  regard  to  those  deposits.  The  work  has 
been  fairly  well  done,  though  throughout  it  is  strongly  tinged  with  the 
individuality  of  the  writer,  who  has  been  unable  to  refrain  from  giving 
along  with  the  facts  his  own  special  and  decided  views  on  many  of  the 
points  brought  up.  Unfortunately,  though  provided  with  a  good 
index,  a  table  of  contents,  showing  the  plan  and  scope  of  the  work, 
has  been  omitted. 

The  first  chapter  treats  of  general  matters,  such  as  the  connection 
between  the  composition  of  soils  and  of  the  plants  which  grow  upon 
them.  The  relation  of  the  mechanical  texture  of  the  soil  to  its  fertility 
is,  we  think,  hardly  given  the  prominence  which  it  deserves.  The  sta- 
tistics of  the  production  of  cereals,  etc.,  in  the  United  States  are  given. 
The  author  estimates  that  in  the  cereal  crop  our  farmers  remove 
annually  from  the  soil  under  such  cultivation  19  pounds  of  phosphoric 
acid  per  acre.  -The  corresponding  figure  for  the  hay  crop  is  put  at 
12.5  pounds  phosphoric  acid  per  acre. 

Chapter  II.  deals  with  phosphates  in  general,  with  a  brief  account  of 
the  views  entertained  as  to  the  nature  and  functions  of  fertilizers  pre- 
vious to  Boussingault's  demonstration  of  the  necessity  for  phosphates 
in  the  development  of  plants.  A  table  showing  the  average  composi- 
tion of  the  output  of  most  of  the  important  phosphate  deposits  else- 
where than  in  North  America,  is  given.  The  value  of  iron  and  alumina 
phosphates  as  fertilizers  is  asserted,  and  the  question  of  assimilability  of 
different  phosphates  is  discussed.  In  this  connection  the  custom  still 
prevailing  in  England  ami  some  parts  of  Germany  of  basing  the  com- 
mercial value  of  a  phosphate  almost  entirely  upon  the  percentage  of 
"  water  soluble  *  *  phosphoric  acid,  is  justly  condemned. 

Chapter  III.  treats  of  the  Canada  phosphate  deposits  (first  worked  in 
1863),  ^^^  describes  as  a  typical  mine  the  **  North  Star  mine.*'  The 
diverse  theories  as  to  the  origin  of  these  deposits  is  discussed.  The 
ratio  of  apatite  to  other  minerals  in  them  is  put  at  7  per  cent.  The 
average  cost  of  mining  per  ton  (including  interest  on  capital,  etc  ,)  is 
put  at  ^10.  The  comparative  inaccessibility  of  most  of  the  deposits, 
and  the  consequent  cost  of  transportation,  hampers  their  development. 
The  statistics  for  the  last  twelve  years  shows  on  the  vvhole  a  progressive 
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increase  in  output,  though  the  amount  of  output  and  the  prices  realized 
show  great  irregularities.  The  first  grades  contain  on  the  average  over 
%Z  per  cent,  of  calcium  phosphate  which  sells  for  $25,  or  over,  per  ton. 

Chapter  IV.  is  devoted  to  the  South  Carolina  phosphate  beds,  which 
were  discovered  in  1845,  t>ut  were  not  worked  until  1867.  The  area 
covered  by  these  is  a  tract  about  70  miles  in  length  by  about  30  miles 
in  width.  No  exploitations  have  extended  below  15  feet  in  depth. 
The  author  estimates  that  this  supply  will  be  exhausted  in  about  28 
years.  The  average  cost  of  extracting  and  preparing  the  "River" 
phosphate  for  market  is  put  at  ^3. 50  per  ton,  and  the  selling  price  of  a 
57  per  cent,  phosphate  at  twice  this  figure.  The  land  rock  contains  on 
an  average  nearly  60  per  cent,  of  phosphate.  The  statistics  given  show 
a  steady  increase  in  the  annual  output — from  nearly  20,000  tons  in 
1868-70  to  over  537^000  tons  in  1890. 

In  Chapter  V.  we  find  a  description  of  the  deposits  which  of  late 
have  excited  the  most  interest,  those  of  Florida.  Here  the  first  opera- 
tions were  in  1888.  The  lack  of  capital  for  the  exploitation  of  these 
deposits,  and  the  apparently  capricious  quality  of  many  portions,  are 
at  present  obstacles  in  the  way  of  their  development.  The  probable 
origin  of  these  deposits  is  discussed.  Apparently  the  data  thus  far  ob- 
tained are  insufficient  for  a  satisfactory  decision. 

Chapter  VI.  describes  the  method  of  manufacturing  sulphuric  acid. 
The  author  unhesitatingly  advocates  the  use  of  pyrites  instead  of  brim- 
stone as  the  raw  material.  A  table  of  the  average  composition  of 
pyrites  from  various  sources  is  given. 

Chapter  VII.  discusses  the  manufacture  of  superphosphates  (**  supers," 
as  the  author  terms  them).  The  results  of  some  manufacturing  expe- 
riments are  detailed  as  showing  the  advantages  of  the  presence  of  cal- 
cium carbonate  in  handling  certain  phosphates.  The  formulae  (chemical 
and  manufacturing)  are  given.  Grinding  mills  and  mixers  are  also  dis- 
cussed. A  description  is  also  given  of  the  process  (more  common  in 
Europe  than  here)  of  making  **  high  grade  superphosphates"  contain- 
ing 45  per  cent  of  soluble  phosphoric  acid,  instead  af  12  or  14,  as  in 
ordinary  superphosphates,  phosphoric  acid  instead  of  sulphuric  acid 
being  made  to  act  upon  the  ground  rock.  This  method  of  manufacture 
is  strongly  advocated.  For  the  condensation  of  fumes  from  the  mixers 
containing  fluorine  compounds,  the  author  recommends  scrubbers  con- 
taining wooden  spars  as  preferable  to  those  filled  with  fire-brick. 

In  the  last  chapter  (^VIII.)  are  given  methods  of  analysis  of  raw  phos- 
phates, superphosphates,  pyrites,  etc.  In  this  chapter,  as  also  elsewhere, 
the  discrepancies  between  the  results  obtained  by  different  chemists  on 
the  same  lots  are  spoken  of,  and  the  comments  are,  in  effect,  that  if 
the  analysts  will  not  lay  aside  their  self-sufficient  attitude  and  come  to 
some  agreement  as  to  methods  of  analysis,  the  mine  owners  must.  The 
author  is  unfair  to  the  analysts  in  blaming  them  to  the  extent  which  he 
does,  for  these  discrepancies,  since  we  have  good  reason  to  believe  that 
faulty  sampling  and  matters  of  the  kind,  usually  beyond  the  analysts' 
control,  are  more  frequently  at  the  bottom  of  them. 

While  adopting  some  o^  the  methods  and  directions  laid  down  by 
the  Association  of  Official  Agricultural  Chemists,  that  organization  is  not 
mentioned,  and  he  ignores  entirely  the  labors  of  that  society  in  this 
direction  (agreement  as  to  methods  of  analysis)  and  the  advantages 
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which  have  resulted  therefrom.  We  will  venture  to  predict  that  the 
methods  of  his  own,  which  he  gives,  if  followed  conscientiously  from 
his  book  by  a  dozen  experienced  analysts,  would  show  results  in  several 
respects  more  widely  at  variance  than  the  discrepancies  which  he 
quotes. 

The  mode  of  calculating  and  combining  the  constituents  determined 
in  the  analysis  of  a  phosphate  rock  is  prescribed  essentially  as  follows : 


MgO, 

Surplus  CO-, 
Fl. 

Surplus  Ca, 
Surplus  P2O5, 


X  2.1    =  Mg  COj 

X  2.27  ^  Ca  COj 

X  2.05  =  CaFa 

Xo.75  =  FeS,  (Pvritcs) 

X  i84  =  Ca,(P6,), 

X2       =(FeAl),  (PO,), 


The  remaining  iron  and  aluminum  oxides  (if  any)  are  to  be  attribu- 
ted to  clay.  A  series  of  tables,  directions  for  the  preparation  of  stand- 
ard solutions,  list  of  apparatus  and  chemicals  for  the  outfit  of  a  ''  phos- 
phate mining"  or  "fertilizing  factory,*'  laboratory,  etc.,  finishes  the 
chapter  and  the  book.  The  table  of  atomic  weights  [masses?]  stated  to 
be  **  according  to  the  latest  determinations/'  differs  in  many  respects 
from  those  given  in  Prof.  Clarke's  latest  revised  table.  A  few  cases 
may  be  quoted  for  comparison . 


Wyatt. 

Hydrogen, I 

Oxygen, .        .         15.96 


Antimony, 

Calcium, 

Lead, 

Magnesium, 

Phosphorus, 

Platinum. 


122 

39-9 
206.4 

2394 
30.96 
196.7 


Silver, 107.66 

Zinc, 64.9 


Clarke. 
1.007 

16.00 
120 

40 
206.95 

24.3 

3« 

195 
107.92 

65-3 


On  the  whole,  notwithstanding  some  defects,  the  book  affords  much 
valuable  and  interesting  information.  E,  Waller,  Ph.  D. 


Methods  of  Gas  Analysis.  By  Dr.  Waliher  Hempel ;  translated  from  the  second 
German  edition  by  G.  M.  Dennis.  Macmillan  &  Co.,  London  and  New  York. 
1892. 

This  8vo.  book  of  368  pages  in  clear  and  clean  type,  with  10 1  fine 
quality  illustrations  has  just  appeared,  meeting  better  than  any  other 
work  in  English  of  like  nature,  a  desideratum  which  workers  in  gas 
analysis  processes  have  long  recognized.  The  matter  of  this  volume 
bears  evidence  of  years  of  painstaking  laboratory  experimenting,  and  of 
careful  examination  of  the  works  of  contemporaneous  laborers  in  this 
field  of  analysis.  Though  the  principles  of  the  gas  methods  for  the 
greater  part  are  not  new,  yet  this  book,  in  accord  with  the  pressing 
needs  of  our  rapidly  developing  Industries,  is  quite  rich  in  new  devices 
of  apparatus,  tending  towards  refining  pre-existing  rapid  approximate, 
and  rapid  exact  methods. 

To  those  not  yet  greatly  experienced  in  general  chemistry  and  gas 
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work  this  book  will  be  a  great  aid,  because  of  its  clear  exposition  (bar- 
ring a  few  instances  of  obscure  description  and  meaning),  and  because 
of  its  giving  consecutive  details  for  the  analysis  of  illuminating  gas,  air, 
furnace,  and  mine  gases,  and  because  further,  of  giving  up  to  date 
standard  methods  of  determining  important  constituents  of  complex 
industry  gases.  The  Hempel  modification  of  Berthelot's  calorimeter 
for  determining  the  calorific  power  of  coals  ;  the  article  on  the  analysis 
of  nitrogenous  organic  substances  (for  nitrogen),  combining  combus- 
tion-tube, Toplerpump,  and  Hempel  mercury  bath ;  and  also  the  article 
on  determination  of  the  candle  power  of  illuminating  gas,  add  much 
value  to  the  volume. 

The  book  consists  of  three  parts :  I.  General  Methods  (?)  which  is 
really  only  a  description  of  apparatuses  and  how  to  manipulate  them ; 
II.  Special  Methods  (?)  which  in  general  gives  the  chemical  properties 
of  various  gases ;  and  III.  Practical  Applications  of  Gas  Analysis.  It  is 
thus  seen  that  this  book  is  not  designed  to  aid  one  particularly  in  the 
study  of  the  properties  of  different  gases  (absorption,  diffusion,  specific 
heat,  etc.),  but  that  its  aim  is  rather  to  meet  technological  wants  by 
rapid  and  yet  reasonably  accurate  results.  The  apparatus  described 
in  ^his  work,  being  quite  fragile  and  costly,  require  deft  manipulation, 
which  facts  have  prompted  others  to  modify  some  of  them,  thereby  ex- 
changing expense  in  apparatus  for  somewhat  lessened  accuracy  of  re- 
sults. This  contribution  to  gas  analysis  literature  cannot  fail  to  be 
acceptable  to  all  interested  in  gas  examinations. 

ri.  C.  B« 


Modern  American  Methods  of  Copper  Smelting.  By  E  D.  Peters,  Jr.,  M.E., 
M.D.  Second  Edition.  Colth  binding.  400  pp.  Illustrated.  Published  by 
Scientific  Publishing  Company,  N.  Y.,  1891. 

The  first  edition  of  this  work  appeared  in  1887  and  received  very 
favorable  mention  from  the  leading  metallurgists  of  the  country.  The 
appearance  of  the  second  edition  was  so  well  received  that  it  was 
practically  exhausted  before  it  left  the  press.  A  third  edition  is  now 
in  preparation,  if  not  already  in  the  market. 

This  volume  is  about  one-third  larger  than  the  first  edition  ;  it  is 
of  good  quality,  paper  and  typography;  many  of  the  illustrations  are 
from  actual  working  drawings  of  furnaces,  and  particular  'attention  is 
called  to  the  detailed  descriptions  and  drawings  of  the  latest  improve- 
ments in  the  reverberatory  furnaces  for  copper,  in  one  case  nine 
drawings  of  the  large  type  of  modern  reverberating  furnace  are  given, 
which  constitute  probably  the  most  complete  set  yet  published.  In 
addition  to  enlarging  and  revising  the  first  edition.  Dr.  Peters  has 
added  special  chapters  on  the  electrolytic  assay  of  copper,  the  smelt- 
ing of  pyritiferous  copper-ores  containing  nickel,  and  the  refining  of 
copper  by  gas  in  Sweden. 

The  table  of  contents  is  as  follows,  viz.  :  Chapter  I. — Description  of 
the  Ores  of  Copper ;  Chapter  II, — Distribution  of  the  Ores  of  Copper  ; 
Chapter  III. — Methods  of  Copper  Assaying ;  Chapter  IV. — The  Roast- 
ing of  Ores  in  Lump  Form  ;  Chapter  V. — Stall  Roasting ;  Chapter 
VI. — ^The  Roasting  of  Ores  in  Lump  Form  in  Kilns;  Chapter  VII. — 
Calcination  of  Ores  and  Matte  in  Finely  Divided  Condition ;  Chapter 
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VIII.— The  Chemistry  of  the  Calcinine  Process;  Chapter  IX.— The 
Smelting  of  Copper ;  Chapter  X. — Blast-Furnaces  Constructed  of 
Brick;  Chapter  XL— General  Remarks  on  Blast-Furnace  Smelting; 
Chapter  XII. — Late  Improvements  in  Blast  Furnaces ;  Chapter  XIII. — 
The  Smelting  of  Pyritous  Ores  Containing  Copper  and  Nickel ;  Chapter 
XIV. — Reverberatory  Furnaces  ;  Chapter  XV. — Refining  Copper  by  Gas 
in  Sweden  ;  Chapter  XVI. — Treatment  of  Gold  and  Silver  Bearing 
Copper-Ores;  Chapter  XVII. — The  Besseraerizing  of  Copper  Matte. 

This  valuable  work  may  be  highly  recommended  to  those  interested 
in  the  metallurgy  of  copper,  whether  they  are  practical  workers  or 
engaged  in  teaching  the  subject,  and  the  evidence  of  the  appreciation 
of  Dr.  Peters' admirable  work  is  fittingly  shown  in  the  rapid  exhaustion 
of  this  edition.  J,  S 
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Department  of  Engineering. 

An  undergraduate  course  of  four  years  in  Electrical  Engineering  has 
been  established  in  the  School  of  Mines,  Columbia  College,  in  addition 
to  the  present  two  year  post-graduate  course  which  has  been  in  successful 
operation  for  several  years.  Thus  there  will  be  two  complete  courses  in 
Electrical  Engineering  at  Columbia. 

The  latter  course  is  for  graduates  of  Scientific  Schools  and  Colleges, 
and  is  entirely  devoted  to  Electrical  Engineering  proper,  the  students 
having  already  passed  the  necessary  preparatory  studies  in  Mathematics, 
Physics,  Chemistry,  Mechanics,  Drawing,  etc.  This  course  is  found  to 
give  the  most  excellent  results  by  reason  of  the  mature  years  and  pre- 
vious training  of  post-graduate  students. 

In  addition  to  such  graduate  students  there  are,  of  course,  a  large 
number  of  young  men  who  wish  to  enter  a  course  of  electrical  engineer- 
ing immediately  on  leaving  school,  without  going  through  a  previous 
collegiate  course. 

A  new  four  year  course  has  therefore  been  established  parallel  to  the 
regular  courses  in  Mining  Engineering,  Civil  Engineering,  Chemistry, 
Architecture,  etc.,  at  the  School  of  Mines,  with  the  same  requirements 
for  admission  which  are  substantially  equal  to  the  regular  entrance 
examinations  at  first-class  scientific  schools. 

The  first  two  years  of  the  new  course  will  cover  the  preparatory  work 
in  Mathematics,  Physics,  etc.,  required  for  admission  to  the  post- 
graduate course.  The  last  two  years  will  be  devoted  to  a  thorough 
course  in  Electrical  Engineering  proper  and  will  be  equivalent  to  the 
present  post-graduate  course,  hence  there  is  no  lowering  of  standard. 

The  instruction  in  Electrical  Engineering  will  be  conducted  as  here- 
tofore by  Prof.  Crocker  and  Dr.  Pupin. 

The  Mathematics,  Physics,  etc.,  will  be  taught  by  the  respective  pro- 
fessors of  those  subjects. 

The  degree  given  to  those  who  satisfactorily  complete  the  course 
will  be  that  of  Electrical  Engineer.  The  new  course  will  regularly 
begin  October,  1892.  Examinations  for  entrance  are  held  in  June  and 
September. 

The  one  year  partial  or  special  course  will  be  abolished  next  year  to 
make  room  for  the  students  in  the  regular  courses. 

The  complete  list  of  studies  required  in  the  new  course  is  as  follows  : 

FIRST   YEAR. 

First  Session. — Trigonometry;  Physics  (Heat,  Sound)  ;  Chemistry; 
Qualitative  Analysis;  Drawing.  ^ 

Second  Session. — Algebra;  Analytical  Geometry  ;  Graphics;  Physics 
(Magnetism,  Electricity,  Light);  Chemistry;  Qualitative  Analysis; 
Drawing.  ' 

.Summer  vacation. 

Memoir. 
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SECOND   YEAR. 

First  Session, — Analytical  Geometry;  Calculus;  Graphics;  Hygiene; 
Applied  Chemistry  ;  Physical  Laboratory  ;  Drawing. 

Second  Session. — Calculus;  Hygiene;  Applied  Chemistry;  Elements 
of  Electrical  Engineering ;  Physical  Laboratory ;  Drawing. 

Summer  vacation. 

Memoir. 

THIRD   YEAR. 

First  Session. — Analytical  Mechanics;  Physics  (Theory  of  Heat, 
Electricity);  Engineering;  Properties  of  Materials;  Dynamo  and 
Motor  (Practical);  Theory  of  Dynamo  and  Motor;  Electrical  Meas- 
urements; Electrical  Engineering  Laboratory;  Drawing  (Designs). 

Second  Session. — Analytical  Mechanics;  Physics  (Electricity);  En- 
gmeering ;  Properties  of  Materials ;  Electric  Lighting  ;  Theory  of 
Dynamo  and  Motor ;  Electrical  Measurements ;  Electrical  Engineering 
Laboratory ;  Drawing  (Designs). 

Summer  vacation. 

Memoir. 

FOURTH   YEAR. 

First  Session, — Dynamics  of  Machinery  ;  Heat  and  its  Applications ; 
Machinery  and  Mill  Work :  Mechanical  Engineering  ;  Engineering 
Design  ;  Electric  Power ;  Theory  of  Dynamo  and  Motor  (Advanced)  ; 
Electrical  Engineering  laboratory  ;  Drawing  (Constructions). 

Second  Session. — Dynamics  of  Machinery ;  Heat  and  its  Applica- 
tions; Machinery  and  Mill  Work  ;  Mechanical  Engineering;  Engineer- 
ing Design ;  Telegraph  and  Telephone  (Advanced) ;  Theory  of 
Electricity  (Advanced)  ;  Electrical  Engineering  Laboratory ;  Drawing 
(Constructions);  Thesis. 

Department  of  Mineralogy  and  Metallurgy. 

The  mineralogical  collection  has.  received  a  number  of  additions  from 
collections  made  by  Dr.  Egleston  in  Japan  during  the  past  summer^ 
which  have  been  presented  to  the  School. 

These  are  a  crystal  of  Topaz,  which  is  4  inches  long,  and  in  its 
macro-diagonal  4^  inches  and  in  its  brachi-diagonal  is  3^  inches  wide. 
It  shows  a  series  of  domes  and  pyramids  which  are  very  interesting^  This 
is  probably  the  finest  crystal  of  Topaz  which  has  ever  come  to  this 
country.  It  was  presented  to  the  School  by  Mr.  D.  S.  Plume,  of 
Thomaston,  Conn. 

There  is  also  a  collection  of  150  crystals  of  Topaz,  illustrating  its 
occurrence  in  Japan,  many  of  them  being  2  inches  long  by  ij^  wide, 
showing  a  very  large  number  of  domes  and  pyramids  and  prisms.  In 
addition  to  these  there  are  a  large  number  of  crystals  showing  the 
methods  of  growth  of  Topaz  and  other  curious  phenomena  connected 
with  its  formation.  Besides  these  there  are  8  Topazes  cut  as  gems, 
which  are  most  beautiful  specimens.  This  is  probably  the  finest  collec- 
tion of  Japanese  Topazes  that  has  ever  come  to  this  country,  and  was 
presented  to  the  School  by  Mr.  William  Schermerhorn  of  this  city. 

As  a  result  of  a  visit  to  the  Antimony  Mines  at  Saijo,  there  is  a  beau- 
tiful collection  consisting  of  pieces  weighing  over  50  pounds  and  of 
VOL.  XIII. — 13 
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crystals  13  and  14  inches  long  and  from  i  to  2  inches  across  and  beau- 
tifully terminated,  with  7  large  pieces  of  Jade,  5  crystal  balls,  showing 
a  great  many  interesting  phenomena  in  quartz,  and  a  collection  of  6 
balls  in  every  stage  of  manufacture,  with  all  the  tools  with  which  they 
are  made ;  a  carnelian  box  and  two  chalcedony  cups  used  in  feasts. 
This  collection  was  presented  by  Mr.  James  Garland,  of  New  York. 

In  addition  to  these  were  some  blue  Opals  and  crystals  of  quartz,  14 
inches  long,  with  very  acute  rhombohedra,  which  were  presented  by  Mr. 
H.  M.  Cole  of  the  class  of  1887. 

The  Department  has  also  received  a  very  large  number  of  minerals 
from  other  localities,  most  of  which  have  been  acquired  by  purchase. 

The  third  edition  of  the  Catalogue  of  Minerals  has  also  been  pre- 
pared and  the  plates  are  being  corrected  for  the  press. 

A  mineralogical  laboratory  has  been  fitted  up  in  the  old  President's 
building,  with  three  diamond  saws  and  two  lathes  for  cutting  and  polish- 
ing sections  and  all  the  appliances  and  fixtures  for  making  measurements 
and  other  physical  and  optical  investigations  in  the  department  of 
mineralogy.  Two  collections  of  over  130  of  the  finest  rock  and  mineral 
sections  made  in  Europe  have  also  been  purchased. 

The  Metallurgical  collection  has  also  received  a  number  of  additions 
to  its  models,  notably  a  Japanese  Piston -Bellows,  and  models  of  Blast 
Furnaces  and  Chimneys. 

The  collection  of  diagrams  has  been  increased  by  101  drawings  made 
by  the  same  artist  who  had  made  so  many  of  the  diagrams  of  the  col- 
ection.     114  slides  have  also  been  added  to  the  collection  of  slides. 

The  metallurgical  collection  has  received  1 22  editions  in  various  de- 
partments^ some  of  the  most  notable  of  which  are  a  collection  of  13 
very  thin  cast-iron  rice-pans,  cast  in  Japan,  and  a  beautiful  head  of  the 
mineralogist  Kotcheroff,  made  in  the  Ural  mountains,  and  presented  by 
Mr.  George  F.  Kuntz,  of  Tiffany  &  Co.,  which  is  a  beautiful  specimen 
of  art. 

Two  Pelton  water  wheels  to  illustrate  the  lectures  on  hydraulic  min- 
ing have  boen  presented  by  the  Pelton  Water  Wheel  Company. 

Two  Cornish  Vanner  Shovels  have  also  been  presented  to  the  collec- 
tion by  Dr.  Pearce,  of  the  Boston  and  Colorado  Works,  Denver. 

A  collection  of  metallurgical  specimens  is  being  made  to  illustrate 
the  lectures  and  is  already  of  considerable  size. 

'  It  is  very  seldom  that  both  the  Departments  have  to  report  such  pro- 
gress as  has  been  made  during  the  last  three  or  four  months. 

It  is  greatly  to  be  regretted  that,  on  account  of  its  being  impossible 
to  raise  the  money,  a  large  part  of  the  collections  made  by  Dr.  Egleston 
in  Japan  had  to  be  sold. 


Department  of  Physics. 

In  the  Physical  Laboratory  during  the  past  term  the  third  year  class^ 
in  the  School  of  Mines  has  been  occupied  with  the  introductory  ex- 
periments in  Physical  Measurement.  The  first  term's  work  includes 
the  various  methods  of  measuring  small  distances,  the  construction  and 
use  of  scales,  the  calibration  of  apparatus,  the  determination  of  errors 
of  observation  and  of  method,  with  applications  in  Mechanics,  Soupd, 
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Heat  and  Light.  The  work  of  the  second  term  is  divided  between 
Spectrum  Analysis  and  Electrical  and  Magnetic  Measurements. 

The  Laboratory  has  been  open  from  10  o'clock  in  the  morning  until 
5  o'clock  in  the  afternoon,  for  the  use  of  students,  and  the  hours  of  at- 
tendance have  been  arranged  to  suit  their  covenience. 

In  addition  to  the  third  year  class  of  the  School  of  Mines,  a  portion 
of  the  Senior  Class  of  the  Academic  Department,  as  well  as  several 
special  students  have  taken  advantage  of  the  opportunities  offered  by 
the  Laboratory. 

Research  work  is  being  carried  forward  by  every  one  connected  with 
the  department,  from  the  Professor  down  to  the  latest  candidate  for  a 
Master's  degree. 

During  the  last  six  months  important  additions  have  been  made  to  the 
stock  of  apparatus  used  in  the  Laboratory. 

Department  of  Astronomy. 

School  of  Mines  men  will  be  glad  to  learn  that  the  College  Observa- 
tory is  to  take  part  in  the  observations  now  in  progress  for  determining 
the  recently  discovered  variation  of  terrestrial  latitudes.  Some  nine 
years  ago,  Fergola,  the  director  of  the  Italian  National  Observatory, 
near  Naples,  pointed  out  that  if  a  real  motion  of  the  terrestrial  pole 
exists,  it  can  best  be  determined  by  simultaneous  observations  at  two 
observatories  differing  widely  in  longitude.  He  also  showed  that  the 
highest  accuracy  would  be  secured  if  the  observatories  were  situated 
upon  nearly  the  same  parallel  of  latitude.  At  the  Rome  meeting  of  the 
International  Geodetic  Congress  (1883),  he  instanced  the  observatories 
of  Columbia  College  and  Naples  as  suitable  for  the  purpose  in  question. 
The  difference  of  latitude  is  only  about  six  minutes  of  arc,  while  the 
longitudes  differ  almost  ninety  degrees. 

Recently  the  Trustees  have  provided  means  for  obtaining  a  special 
instrument  suitable  for  this  rather  delicate  investigation,  and  we  are  in- 
formed that  the  Italian  government  will,  in  all  probability,  at  once  order 
an  instrument  exactly  similar  to  that  now  being  constructed  for  the 
College!  Thus  the  corresponding  observations  will  be  rendered  simul- 
taneous in  date,  precisely  similar  in  form,  and  intercom  parable,  so  that 
the  maximum  of  accuracy  may  confidently  be  expected.  Both  instru- 
ments are  to  be  made  in  Berlin.  H.  J. 
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SUCROSE,  DEXTROSE,  LEVULOSE: 

Their  Quantitative  Determination  When  Occurring 

Together. 

By  F.  G.  WIECHMANN,  Ph.D. 

An  accurate  method  for  the  determination  of  sucrose,  dextrose 
and  levulose,  when  occurring  together,  has  long  been  sought  for 
in  sugar-chemistry,  for  such  a  method  of  analysis  would  prove 
valuable  for  the  solution  of  many  questions  of  interest  and  impor- 
tance. 

The  solving  of  this  problem,  a  problem  of  acknowledged  diffi- 
culty,* has  been  attempted  by  different  workers  and  in  various 
ways. 

For  some  years  past  it  has  also  engaged  the  attention  of  the 
writer,  and  in  the  School  of  Mines  Quarterly,  Columbia  Col- 
lege, New  York,t  are  given  some  of  his  former  studies  on  this 
subject. 

The  method  of  analysis  there  described,  a  method  based  solely 
on  gravimetric  determination,  yet  awaits,  in  order  to  furnish  results 

*  Thus,  B.  Tollens :  JCurzes  Handbuck  der  Kohlenhydrate^  p.  90 :  "  Schr  schwie- 
rig  ist  die  Bestimmung,  wenn  Gemenge  von  L&vulose  mit  anderen  Glycosen  wie 
I>extrose  oder  mit  Rohrzucker  vorliegen.'^ 

f  Vol.  xi.,  No.  3,  vol.  xii.,  No.  3. 
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reliable  under  all  circumstances,  discovery  of  some  agent  whereby 
the  complete  destruction  of  either  the  dextrose  or  the  levulose  may 
be  accomplished,  while  the  sugar  not  destroyed,  shall  remain  en- 
tirely unchanged  in  its  properties. 

As  the  chances  for  immediate  success  in  this  direction  did  not 
seem  very  promising,  the  solution  of  the  tempting  problem  was 
sought,  and  found  in  another  manner. 

In  recording  in  this  paper  the  successful  outcome  of  his  quest, 
the  writer  desires  to  acknowledge  his  obligations  to  those  who 
before  him  have  attempted  this  task,  and  a  critical  study  of  whose 
labors  has  proved  of  value  to  the  writer  in  his  own  researches. 
Furthermore,  his  sincere  thanks  are  due  his  assistant,  Mr.  E.  C. 
Brainerd,  for  much  valuable,  work  most  carefully  and  conscien- 
tiously performed  in  this  investigation. 

The  method  here  to  be  described  involves  but  three  simple  ana- 
lytical operations  :  two  gravimetric  determinations,  and  one  optical 
examination  with  the  polariscope.  The  method  is  therefore  easy 
and  r^lpid  of  execution,  and  at  the  same  time,  with  careful  manipu- 
lation^  yields  most  accurate  results,  as  will  appear  from  the  various 
trials  to  which  the  method  was  subjected  in  order  to  determine  its 
value  and  delicacy.  A  full  record  of  these  experiments  follows 
the  subjoined  description  of  the  method. 

The  Method. 

Preparation '  of  Solution. — If  not  already  in  solution,  make  of  the 
sample  to  be  examined  a  solution  of  arbitrary  density.  Of  course, 
it  goes  without  saying,  that  this  method  is  to  be  applied  only  in 
cases  where  no  other  optically  active  substances  are  present  besides 
sucrose,  dextrose  and  levulose,  and  that  care  must  be  exercised 
that  no  preliminary  treatment  of  the  solution  shall  influence  its 
original  power  of  rotation. 

The  specific  gravity  of  the  solution  above  referred  to  is  accu- 
rately determined  by  balance,  and  from  this  value  there  are  calcu- 
lated, in  the  following  manner,  the  number  of  grammes  of  solution 
which  contain  10.000  grammes  of  dry  substance  :* 

Ascertain  the  degree  Brix  corresponding  to  the  specific  gravity 
found.     Divide  lOO  by  the  degree  Brix;  the  quotient  represents 

*  This  concentration  is  chosen  because  the  specific  rotary  powers  of  the  sugars, 
values  needed  in  the  calculation  ot  results,  vary  with  the  concentration. 
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the  number  of  grammes  of  solution  which  contain  1. 00  gramme 
of  dry  substance.  This  value  is  multiplied  by  10,  and  the  product 
represents  the  number  of  grammes  of  solution,  equivalent  to  10.- 
000  grammes  of  dry  substance. 

This  amount  is  weighed  out,  placed  in  an  accurately  graduated 
100  cc.  flask,  and  the  solution  in  the  flask  is  made  up  to  lOO  c.c. 
with  distilled  water. 

The  determinations  to  be  made,  are  as  follows : 

Optical  Examination, — Some  of  the  solution  is  placed  in  a 
water-jacketed  polarization-tube,  a  thermometer  is  inserted  in  the 
solution,  and  a  reading  on  this  solution  is  taken  in  the  polariscope, 
at  the  temperature  of  20°  C. 

The  reading  thus  obtained  must  be  reduced  to  the  basis  of  a 
reading  made  in  a  100  m.m.  tube. 

Furthermore,  if  a  sugar-polariscope  has  been  used  for  the  ob- 
servation, the  reading  obtained  must  be  transformed  into  circular 
degrees.  With  a  polariscope  using  26.048  grammes  as  the  normal 
weight,  the  factor  0.346  is  used,  for  the  sodium  ray. 

Gravimetric  Determination  Before  Inversion, — Of  the  10  per 
cent,  solution,  weigh  out  an  amount  equivalent  to  i.o  gramme  of 
dry  substance.  Make  this  up  to  1 50  c.c,  and  of  this  solution  take 
24.4  c.c,  equivalent  to  o  1628  gramme  dry  substance.  Take  50 
c.c.  of  Fchling*s  solution,*  heat  to  boiling ;  while  boiling  add  the 
24.4  c.c.  of  sugar  solution,  and  boil  for  three  minutes. 

Then  remove  from  flame,  add  cold  distilled  water,  previously 
boiled,  in  order  to  cool  the  solution  and  prevent  a  further  deposi- 
tion of  cuprous  oxide. 

Filter  through  a  weighed  asbestos  filter,  wash  first  with  boiling 
water,  then  with  absolute  ethyl  alcohol,  and  finally  with  ether. 
Dry  perfectly,  cool  and  weigh. 

Calculate  the  cuprous  oxide  to  its  equivalent  of  metallic  copper, 
and  from  the  copper  thus  found,  ascertain  the  amount  of  sucrose 
corresponding.f  From  this  figure  the  total  reducing-sugars  by 
adding  ^  to  the  sucrose  value  indicated. 

Gravimetric  Determination  after  Inversion.—^Oi  the  original  10 
per  cent,  solution,  weigh  off"  an  amount  equal  to  5.000  grammes  dry 

*  Cupric  sulphate  cryst.:  34639  grammes  in  500  c.c.  water ;  Rochelle  salts,  173.000 
grammes  in  400  cc.  H,0 ;  Sodic  hydrate,  50,000  grammes  in  100  c.c.  HjO. 

f  Table  published  by  the  German  Government,  Law  of  1887;  also  in  Wiechmann, 
"Sugar  Analysis,"  Table  XI. 
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substance;  invert  with  4  c.c.  of  concentrated  HCl  (specific  gravity 
1.20)  by  heating  on  boiling  water  bath  up  to  a  temperature  of  67°  C. 
and  maintaining  the  solution  at  that  temperature  for  five  minutes. 
Then  remove  the  flask,  cool  it  and  its  contents  to  the  temperature 
at  which  the  flask  was  graduated,  and  then  make  the  solution  up 
to  100  ex. 

Of  the  solution  thus  obtained  take  20  c.c.  and  neutralize  with 
sodium  carbonate ;  then  make  up  to  a  volume  of  150  c.c.  with  dis- 
tilled water;  of  this  solution  take  24.4  c.c,  equivalent  to  0,1628 
gramme  of  dry  substance,  and  proceed  precisely  as  previously 
directed.  Determine  the  value  found,  as  before,  from  the  table ; 
the  result  obtained  represents  the  total  sugars  present,  expressed 
as  sucrose.  From  this  amount  subtract  the  sucrose  value  found  by 
prior  determination,*  and  the  difference  represents  the  amount  of 
sucrose  actually  present. 

The  results  thus  obtained  represent :  the  polarization,  in  a  10  per 
cent,  solution,  of  the  three  sugars  combined;  the  total  reducing- 
sugars  present ;  the  amount  of  sucrose  present. 

In  cases  where  the  reducing  sugars,  />.,  the  dextrose  and  the 
levulose  together,  exceed  in  amount  the  sucrose  present,  the 
gravimetric  determinations  before  and  after  inversion  should  pre- 
ferably be  made  according  to  E.  Meissl's  method  for  the  deter- 
mination of  invert-sugar.f 

» 
Calculation  of  the  Results  of  Analysis. 

This  can  be  accomplished  by  algebra,  or  by  allegation. 

By  Algebra. 
Let: 

a  —  amount  of  sucrose  present. 

b  «  amount  of  total  reducing  sugars  present. 

X  =  amount  of  dextrose  present. 

y  =  amount  of  levulose  present. 

s  =  the  specific  rotatory  power  of  sucrose,  divided  by  lOO. 

d  =  the  specific  rotatory  power  of  dextrose,  divided  by  100. 

1  =  the  specific  rotatory  power  of  levulose,  divided  by  100. 

p  =  polarization  observed,  expressed  in  circular  degrees. 


*  That  is,  the  amount  as  actually  found  by  table,  prior  to  the  addition  of  ^^, 
t  Zeitschrift  des  Vereines  fur  Rubentucker-industrie^  vol.  xxix.,  p.  1 034,  and  E. 
Wein :   TabelUn  %ur  Quantitativen  Bestimmung  der  Zuckerarten^  Tabic  No.  iv. 


SUCROSE,  DEXTROSE,  LEVULOSE.  201 

Then 

(as  +  xd)  —  yl  "■  p* 
(as  +  xd)  «  p  +  yl. 
xd  BB  p  +  yl  —  as. 

p  +  yl  —  as. 
x  = ^ 

Substituting  this  value  of  x  in  the  equation 

X  +  y  =  b 
there  results : 

P  +  yl  —  as 

d +  y  =  b- 

p  +  yl  —  as  +  yd  =  bd. 
yl  +  yd  =  bd  —  p  +  as. 
y  (1  +  d)  =  bd  —  p  +  as. 
bd  —  p  +  as 
^  1  +  d. 

As  y  represents  the  amount  of  levulose,  y  deducted  from  b  will 
give  at  once  the  amount  of  dextrose.     Or,  if  preferred,  the  value 
of  X  can  also  easily  be  calculated  independently. 
Example  : 

Sucrose  =  a  =  8.50. 
Total  reducing  sugars  =  b  =  1.50. 

Polarization^  expressed  in  circular  degrees  =  p  =  5.6426. 
Specific  rotatory  power  of  sucrose  -r-  100  =  s  =  +  0.665. 
Specific  rotatory  power  of  dextrose  -f-  100  =  d  =:  +  0.535. 
j  Specific  rotatory  power  of  levulose  -J-  ioo  =  l  =  —  0.819. 

Dextrose  present  =  x. 
Levulose  present  =  y. 

(8.50  X  .665  +  X  X  .535)  — (y  X  .819)  «  5.6426. 

(8.50  X  .665  +  X  X  .535)  =  5-6426  +  (y  X  .819). 

•535  X  =  5.6426  +  .819  y  —  5.6525. 

(i)     ^_— Q'OQ99  +  .8i9y. 

.535 

(2).    X  +  y  =  1.50. 

Substituting  the  value  of  x  found  in  equation  (i),  in  equation 
(2),  there  results : 


I 
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—  o.oooo  +  .819  y    , 

^^^    ^-^ — h  y  =  1.50 

•535 

—  0.0099  +  .8 19  y  =»  0.8025. 

•  1-354  y  =  0.8124. 
y  =  0.600. 

Total  Reducing  Sugars  present,       .         .     =  1.50 
Levulose  present, =  a6o 

Dextrose  present, =  0.90 

By  Allegation. 
Example  : 

Determinations  made  on  a  10  per  cent,  solution. 

Per  cent. 

Sucrose  present, =  66.0 

Total  Reducing  Sugars  present,        .         .    =  34.0 

Polarization  observed,    .         .         .         .     =  2.8199 
Polarization  due  to  the  sucrose  =  6.6  X 
0.665, =4.3890 


Difference  due  to  the  3.40  per  cent.  Re- 
ducing Sugars,  ....     =1.5691 

34  :   100  :  :  1.5691  :  x 
156.91  -^34  =  —4-615. 

+  S3.Sv  35-75 

>  — 46.15 

—  81.9/  99.65 


13540 


135.4  :  35.75  : :  34  :  X  =  8.98  per  cent  of  Dextrose. 
135.4  :  99.65  :  :  34  :  y  =  25.02  per  cent,  of  Levulose. 
Or  else,  having  found  the  percentage  of  Dextrose  as  above, 
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Per  Cent. 

Total  Reducing  Sugars,  .        .        .        .     =  34.00 
Dextrose  present, =    8.98 


Levulose  present,   .        .        •        .        .=  25.02 


As  to  reporting  the  nature  of  the  reducing  sugars,  the  analysis 
of  course  only  warrants  the  stating  of  the  actual  amounts  of  su- 
k  crose,  of  3extrose,  and  of  levulose  as  found. 

Should  it,  however  be  so  desired,  equal  quantities  of  dextrose 
and  levulose  might  be  considered  as  present  in  the  form  of  invert- 
sugar. 

The  dextrose  or  the  levulose,  of  whichever  one  least  is  found, 
might  be  regarded  as  combined  with  an  equal  amount  of  the  other, 
forming  invert-sugar,  and  any  excess  over  the  amount  so  disposed 
of,  could  be  reported  as  free,  or  uncombined  dextrose,  or  levulose, 
as  the  case  might  be. 

Experimental  Test  of  Method. 

Instruments  Employed. — The  polariscope  used  was  a  half  shade 
instrument  of  Scheibler's  make ;  every  degree  of  its  scale  had  been 
tested  with  a  control-tube  of  Schmidt  and  Hansch. 

The  polarizations  were  all  made  with  a  Schmidt  and  Hansch 
water-jacketed  tube,  200  mm.  long.  The  temperature  of  the  solu- 
tions was  determined  by  a  small  Centigrade  thermometer  graduated 
in  tenths  of  a  degree,  made  by  the  above  firm,  and  of  Jena  normal 
glass.  All  readings  in  the  polariscope  were  made  by  two  ob- 
servers ;  the  observations  were  generally  made  every  half  degree 
Centigrade,  from  17°  to  20°  C,  but  of  course  only  the  values  ob- 
tained at  20°  C.  were  placed  on  record. 

Materials  Used  in  Experiments. — The  sucrose,  the  dextrose  and 
the  levulose  used  in  the  experiments  were  all  prepared  under  the 
writer's  direction. 

The  sucrose  was  made  from  the  purest  granulated  sugar  (polari- 
zation 99.9  —  loo.o),  by  repeated  washing  with  absolute  ethyl- 
alcohol.  A  determination  of  the  specific  rotatory  power  of  the 
sucrose  in  a  10  per  cent,  solution  (lo.o  grammes  dry  substance  in 
100C.C.)  gave  [a]  d*  =  +  66.5. 

The  dextrose  was  prepared  from  commercial  anhydrous  dex- 
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trose  by  treatment  with  best  blood-carbon  and  by  repeated  crys- 
tallization from  absolute  ethyl-alcohol. 

A  determination  of  the  specific  rotatory  power  of  the  dextrose 
in  a  lOper  cent,  solution  (lo.o  grammes  dry  substance  in  icx>  c.c.) 
gave  [a]D»^  =  -f  53.5. 

A  determiitation  of  the  reducing  power  of  this  material  made  by 
the  method  of  J.  Allihn,  showed  that  0.250  gramme  dry  substance 
of  the  dextrose  reduced  of  metallic  copper : 

Gramme. 

Determination  i,  .         .         .         .         .     =  0.4655 
Determination  2, =  0.4663 

In  AUihn's  table,  0.2499  gramme  of  dextrose  corresponds  to 
0.4630  gramme  Cu. 

The  levulose  was  prepared  essentially  according  to  the  method  of 
H.  Ost,*  from  Inuline,  prepared  by  H.  Trommsdorff  of  Erfurt, 
loo.o  grammes  of  Inuline,  250.0  grammes  of  water,  and  1.226 
grammes  of  hydrochloric  acid  (specific  gravity  1.20)  were  used. 
About  three  months  after  the  work  was  commenced,  and  after 
being  twice  crystallized  from  absolute  ethyl- alcohol,  the  levulose 
obtained  was  tested. 

Duplicate  determinations  of  the  specific  rotatory  power  of  this 
specimen  were  made  with  all  possible  care,  and  it  was  found  that 
in  a  10  per  cent  solution  (lo.o  grammes  dry  substance  in  100  c.c.) 
the  value  of  [a]  d"  =  —  81.9. 

A  determination  of  the  reducing  power  of  this  material  on  cop- 
per solution  was  made  by  Allihn*s  method  for  dextrose,  exactly 
as  quoted  by  Honig  and  Jesserf  and  this  showed  that  0.250 
gramme  of  dry  substance,  reduced  of  metallic  copper : 

Oram  inc. 

Determination  No.  I,    ....     =0.4319 
Determination  No.  2,    .         .         .         .     =  0.4309 

Referring  to  Honig  and  Jesser's  investigation,^  it  will  be  seen, 

that  they  found  0.250  gramme  of  pure  levulose  reduced  0.428  Cu. 

The  [a]D*  value  of  this  sample  of  levulose  —  81.9  is  identical 

*  Zeitschrift  fUr  Analytiscke  Chemiey  1890,  p.  648. 

t  Zeitschrift  des  Vereinesfur  Rubenzucket -industries  1888,  vol.  38,  p.  1035. 

X  Loc,  cit. 
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with  that  quoted  by  Tollens*  as  obtained  by  calculation  from  data 
furnished  by  Dubrunfaut,  Lescoeur  and  Morelle. 

As  the  values  for  [ajo"  found  by  Tollens  and  others,  differ 
greatly  from  this  figure  — 81.9  as  well  as  from  each  other,  there 
seems  urgent  need  of  an  investigation  to  determine  whether  the 
specific  rotatory  power  of  levulose  varies  according  to  the  source 
from  which  it  is  prepared,  according  to  the  method  of  its  prepara- 
tion, or  possibly  according  to  both. 

In  these  experiments,  of  course,  the  value  of  1  in  the  formula  for 
calculating  the  results  of  the  analyses,  has  been  placed  equal  to 
—  0819. 

Record  of  Experiments, — In  all,  five  series  of  tests  were  made. 
In  the  first  series,  dextrose  and  levulose  only  were  used  in  order 
to  study  the  behavior  of  these  two  sugars  in  the  absence  of  sucrose 
and  when  mixed  in  different  proportions.  In  the  remaining  four 
series,  sucrose,  dextrose  and  levulose  were  employed  in  varying 
proportions. 

All  polarizations  were  made  on  10  per  cent  solutions  (lO.ocx) 
grammes  dry  substance,  in  100  c.c),  at  the  temperature  of  20*^  C. 
All  polarizations  were  made,  as  before  stated,  in  a  sugar- polariscope 
and  transformed  into  circular  degrees  by  multiplying  with  0.346. 

The  reliability  of  the  gravimetric  methods  of  determining  the 
sucrose  and  the  total  reducing  sugars  having  been  amply  demon- 
strated by  a  great  number  of  experiments  made  at  an  earlier 
date,  it  was  not  deemed  necessary  to  execute  them  in  this  work, 
and  therefore  the  amounts  of  sucrose  and  of  the  total  reducing 
sugars  used  in  making  the  solutions,  are  assumed  as  having  been 
determined  by  analysis. 

To  correctly  appreciate  the  meaning  of  the  results  here  recor- 
ded, it  must  be  remembered  that  i  °  on  the  scale  of  the  sugar 
polariscope,  in  these  observations,  is  equal  to  0.346  circular  de- 
gree. One-tenth  of  a  degree  on  the  sugar  scale  therefore  cor- 
responds to  0.0346  of  a  circular  degree. 

It  will  be  granted,  that  it  is  impossible  to  make  an  observation 
on  a  sugar-scale  which  shall  approximate  closer  to  the  truth  than 
:t  o.  I  of  a  degree.  As  this  is  equal  to  0.0346  circular  degree  it  will 
be  but  fair  to  regard  all  those  observations  made  on  the  polariscope 
which  come  within  these  limits,  viz. :  db  0.0346  of  a  circular  de- 
gree, as  theoretically  correct. 

*  Kurzes  Handbuch  der  KohUnhydrate^p,  86. 
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Series  I. 


ExrVBIMSKT. 

L* 

1 
1 

Required. 

Determined. 

1 
1 
Difference. 

Polarization  in  circular  degrees 

-O.0033 

3.OO 
200 

0.0000 

3.02 

1.98 

-f  0.0011 

Dextrose , -. 

-^0.02 

LeYnlose 

1 

— 0.02 

1 

' 

Series  II. 

1. 

EXPBIUMBNT. 

■ 

■ 

Required. 

Determined. 

Difierence. 

1 

1 

Polarization  in  circular  degrees.. 
Sucrose 

6.2465 
9.50 
0.25 
0.25 

6.2909 

0V283 
0.217 

-i-0.0444 

Dextrose 

+0.033 

—0.033          t 

1 

Levulose 

. 

Series  III. 

EXFBRIMnVT. 

1. 

M 
1  * 

;■ 

Required. 

Detennined. 

1 

Polarization  in  circular  degrees... 
Sucrose 

5.4395 
8.50 

0.75 
0.75 

5.3922 

0.715 
0.785 

—0.0473     i 

Dextrose 

—0.035 

Le\ulose 

1 
4-0.035 

Series  IV. 

ExrSRIMSMT. 

1. 

\ 

Required. 

Determined. 

Difference. 

1 

Polarization  in  circular  degrees.. 
Sucrose 

4.6325 

7.50 
1.25 

1.25 

4.5934 

I.22I 
1.279 

1 
-0.0391 

— 0.029 
-fO.029 

Dextrose 

Levulose 

Series  V. 

EXPBRIMBICT. 

1.* 

Required. 

Detennined. 

Difference.       1 

Polarization  in  circular  degrees.. 
Sucrose 

38255 
6.50 

1.75 
1.75 

3.7945 

1V728 
1.772 

—0.0305 

— 0.022 
-f0.022 

Dextrose 

Levulose 

SUCROSE,  DEXTROSE,  LEVULOSE. 
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Series  I. 


2.» 

«.• 

Required. 

Determined. 

Difierenoe. 

Required. 

Determined. 

Difference. 

—  1.3870 
2.00 
3.00 

—  1.3728 
2.01 
2.99 

—00142 

+aoi 

— 0.01 

—0.7100 
2.50 
2.50 

— a7036 

2.51 
2.49 

—0.0064 

+o.ot 

— O.OI 

Series  II. 

2.* 

8.  • 

4. 

1 
Re- 

quiied. 

Deter- 
fflioed. 

Differ- 
ence. 

Re- 
quired. 

Deter- 
mined. 

1 

Differ- 
ence. 

Re- 
quired. 

Deterw 
mined. 

Diffei^ 
ence. 

• 

6.1788 

9.50 
0.20 
0.30 

6.1744 

0.197 
0.303 

1 
— 0J3044 

-0.003 
+0.003 

1 

6.3142 

9.50 
0.30 
0.20 

6.2909 

0,283 
0.217 

--0.0233 

— aoi7 

+0.017 

6.I918 
9.60 

aio 

0.30 

6.2576 

0.149 
0.251 

-fo.0658 

+0.049 
-0.049 

Series  III. 

1 

1 
2.* 

< 

8.  • 

4.  • 

Re. 
quired. 

Deter. 
mined. 

Differ- 
ence. 

Re- 

quired. 

Deter- 

mined. 

Difieiw 
ence. 

Re- 
quired. 

Deter- 
mined. 

Differ- 
ence. 

5.2364 
8.50 

060 

0.90 

5.2424 

•  •• 

0.605 
0.895 

4-0.0060 

+0.005 
—0.005 

'    5.6426 

8.50 
1    0.90 
'    0.60 

1 

5.6418 

0.900 
0.600 

1 

—0.0008 
0.000 

aooo 

5.0463 
8.60 

035 
1.05 

5.0427 

0.347 
"O53 

—0.0036 

—0.003 
+0.003 

■ 

Series  IV. 

2.  • 

8.  ♦ 

4. 

Re. 
quired. 

Deter- 
mined. 

Differ- 
ence. 

Re- 
quired. 

Detei^ 
mined. 

Diffei^ 
ence. 

Re- 
quired. 

Deter- 
mined. 

Differ- 
enoe. 

4.2940 
7.50 
I.OO 
1.50 

4.2938 

•  «  • 

1. 000 
1.500 

1 
—0.0002 

0.000 
0.000 

4.97*0 

7.50 
1.50 
I.OO 

4.9928 

»5»7 

0.983 

-f0.02l8 

+0.017 
—0.017 

3.9008 
7.60 
0.60 
1.80 

3.861I 

0.571 
1.829 

—0.0387 

— 0.029 
+C.029 

Series  V. 

1 

2.  • 

8.  • 

1 

4. 

Re- 

Deler- 
auned. 

Differ, 
ence. 

Re- 
quired. 

Deter- 
mined. 

Differ- 
ence. 

Re- 
quired. 

Deter- 
mined. 

Differ- 
ence. 

3.3516 
6.50 
140 
2.10 

3.3285 

"•383 
2.1 17 

—0.0231 

—0.017 
+0.017 

4.2994 

6.50 

2.10 

MO 

4.3271 

2  121 

1.379 

4-0.0277 

-I-0.02I 
— 0.021 

J    2.7553 

;  6.60 
0.85 

,  2.55 

2.7127 

0.819 
2.581 

—0.0426 

•  •••••• 

—0.031 
4-0031 
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Making  this  allowance,  inspection  of  the  nineteen  observations 
recorded  in  Series  I.  to  V.  inclusive,  show,  that  of  this  number 
only  six  do  not  agree  with  the  theoretical  values.  These  excep- 
tions are  here  given,  and  they  exceed  the  limit  of  ±  0.0346  of  a 
circular  degree  but  slightly. 

Serfcs.  No.  Amount  of 

Difference. 

II.     ..........      1  0.0098 

II.    .««...«...    4  0.0312 

III.     .....«.•..      I  0.0127 

IV ......*    I  aoo45 

IV. 4  0.0041 

< 

V.    ....•..•.••4  aooSo 

Five  of  these  determinations  are  but  very  little  outside  of  the 
limits  assumed,  and  even  the  poorest  of  them  all,  Series  II.,  No.  4, 
would  come  well  within  the  limits,  if  ifc  0.2  of  a  degree  of  the 
sugar  polariscope  be  adopted  as  the  range  of  variation  in  the  read- 
ings. With  a  nK)re  finely  graduated  instrument  much  closer  read- 
ings could  of  course  be  made. 

The  tables  as  given  however  show  the  amounts  of  levulose  and 
of  dextrose  caculated  from  the  polarizations  actually  obtained^  and 
without  making  any  allowance  whatsoever. 

All  experiments  marked  with  a  star  would  have  yielded  the  re- 
sults theoretically  required,  that  is  to  say,  absolutely  correct  values, 
provided  that  zb o.i  of  a  degree  on  the  sugar  polariscope  had  been 
allowed  for  variation  in  the  readings ;  and  if  a  range  of  i^i  0.2  of 
a  degree  on  the  sugar  polariscope  had  been  allowed  in  taking  the 
readings,  all  experiments  without  exception  would  have  shown  the 
analysis  to  have  determined  the  amounts  theoretically  required. 

For  exact  scientific  investigations,  for  instance,  for  accurately 
determining  the  kind  and  amounts  of  these  three  sugars  in  sugar 
producii^  plants,  at  different  stages  of  their  growth,  etc.,  a  delicate 
and  finely  graduated  polariscope  is  required,  but  the  work  here 
recorded  bears  ample  evidence  of  the  fact  that  this  method  can  be 
employed  to  advantage  v/ith  the  facilities  provided  for  in  every  well 
equipped  sugar  laboratory. 
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FORMULA  FOR  WATER  POWER. 

By  prof.  W.  p.  TROWBRIDGE. 

Power  of  a  Given  Stream  and  Falu 

Let  H  =  actual  fall  from  level  of  water,  in  penstock  (or  head 
race  near  the  wheel)  to  level  of  water  in  the  tail  race  at  the  wheel 
when  wheel  is  running,  which  will  be  the  available  fall. 

Let  E  represent  the  efficiency  of  motor. 

W^  =  the  weight  of  water  which  flows  in  one  minute  through 
the  wheel  =  FX  62.5,  the  volume  multiplied  by  the  weight  of  a 
cubic  foot  of  water.     H.  P.  =  the  horse  power. 

Then  to  find  the  quantity  of  water  ^in  cubic  feet  to  give  one 
horse  power  with  one  foot  fall,  we  have  the  following  expression  : 

VX  62.5  X  £=  33,000. 

V=  -T     ^—  =  704  for  an  efficiency  of  75  per  cent 
-c  X  02  5 

That  is,  with  a  motor  whose  efficiency  is  0.75,  704  cubic  feet 
of  water  per  minute  falling  one  foot  will  give  one  horse  power. 
For  a  fall  of  10  feet  the  horse  power  will  be  10,  and  for  a  fall  of 
20  feet  the  horse  power  will  be  20,  etc.  And  for  a  quantity  of 
water  falling  equal  to  n  times  704  the  horse  power  will  be  n  mul- 
tiplied by  the  fall  in  feet.     For  example ; 

There  is  an  available  fall  of  27.5  feet,  and  the  average  flow  of 
water  is  2200  cubic  feet  in  a  minute,  the  power  of  the  stream 
will  be 

H.  P  =  27.5  X  ?^  =  86.  If.  P 

704 

To  get  the  power  of  a  stream  multiply  the  available  fall  in  feet 
by  the  average  flow  in  cubic  feet,  divided  by  704. 

A  very  good  general  idea  of  the  power  of  a  waterfall  may  be 
expressed  from  the  above  by  the  following  : 


//.  P  =  .00143  X  VX  If, 

in  which  F represents  the  total  flow  per  minute  in  cubic  feet,  and 
//^  the  available  fall  in  feet.  This  is  a  rough  approximation  and 
supposes  the  motor  to  have  about  75  per  cent,  efficiency. 
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TOPOGRAPHICAL  SURVEY  OF  THE  STATE  OF  NEW 

YORK. 

By  prof.  W.  p.  TROWBRIDGE. 

It  is  understood  that  the  Board  of  Commissioners  for  the  Sur- 
vey of  this  State  will  make  another  effort  during  the  present 
session  of  the  Legislature  to  procure  a  small  appropriation  for 
beginning,  in  co-operation  with  the  United  States  Geological  Sur- 
vey, the  topographical  survey  of  the  State.  The  opportunity  pre- 
sented to  the  State  is  unusually  favorable,  because  the  United 
States  Geological  Survey  will  undertake  to  furnish  all  the  surveyors 
and  the  instruments,  and  will  do  the  work,  including  the  engraving 
of  the  maps,  provided  the  State  will  pay  half  the  cost. 

It  is  greatly  to  be  desired  that  the  efforts  of  the  Board  of 
Commissioners  for  the  State  Survey  shall  receive  encouragement 
and  support  in  their  appeal  to  the  Legislature,  at  this  time,  espe- 
cially for  the  reason  that  the  amount  appropriated  yearly  by  the 
Government  to  aid  the  States  in  making  topographical  surveys  is 
limited;  and  just  now  the  Director  of  the  Geological  Survey,  hav- 
ing completed  the  surveys  of  States  contiguous  to  New  York,  is 
prepared  to  put  his  full  available  force  on  the  New  York  survey. 
A  year  hence  it  may  happen  that  other  States  will  ask  for  a  share 
of  this  yearly  appropriation,  and  it  would  have  to  be  divided,  thus 
causing  slower  progress  in  any  one  State. 

The  States  of  Massachusetts,  Rhode  Island,  Connecticut  and 
New  Jersey  have  already  availed  themselves  of  this  Governmental 
co-operation— complete  topographical  surveys  of  these  States  hav- 
ing recently  been  executed. 

It  is  not  to  be  supposed  that  the  United  States  Government 
would  make  such  favorable  and  liberal  provisions  for  accurate  topo- 
graphical surveys  of  the  States  if  Congress  had  not  become  con- 
vinced that  such  surveys  are  of  national  as  well  as  of  local  impor- 
tance. The  State  of  New  York  is  wonderfully  diversified  in  its 
topographic  features,  and  embraces  within  its  limits  magnificent 
rivers,  lakes,  mountains  and  forests.  It  is  remarkable  for  the  num- 
ber of  large  cities  and  towns  within  its  borders;  for  its  numerous 
lines  of  traffic  and  commerce,  both  natural  and  artificial ;  and  for 
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its  manufacturing  and  agricultural  industries.  In  all  these  respects 
it  stands  unrivalled ;  and  yet  in  many  directions  the  progress  of 
improvement  and  development  is  prevented  and  delayed  for  want 
of  complete  and  accurate  maps.  This  cannot  be  said  of  any  other 
part  of  the  civilized  world  where  an  equal  area  supports  a  cor- 
responding intelligent  population,  and  where  similar  conditions 
of  commerce,  manufacture  and  agriculture  exist.  When  these 
conditions  are  found  elsewhere,  it  will  be  found,  also,  that  com- 
plete  topographical  surveys  have  been  executed  with  all  the  accu- 
racy attainable  by  scientific  methods;  and  that  maps  made  from 
these  surveys  have  been  printed  and  published  at  such  a  small 
cost  as  to  make  them  available  not  only  for  public  but  private 
uses. 

Of  the  maps  of  New  York  which  are  now  sold  by  private  pub- 
lishers, whether  they  are  wall-maps  including  the  whole  State, 
or  maps  of  counties  or  towns,  it  may  be  said  that  they  are  com- 
pilations from  old  and  inaccurate  surveys,  in  which  the  magnetic 
compass — ^the  most  unreliable  and  misleading  of  all  surveying 
instruments — was  the  chief,  and  generally  the  only  reliance,  as 
far  as  lines  of  direction  were  concerned;  such  surveys  having 
been  made  from  time  to  time,  oflen  by  individuals  having  little 
knowledge  or  appreciation  of  exact  processes,  and  without  co- 
operation in  design  and  execution  on  the  part  of  the  surveyors.. 
The  independent  county  and  town  maps  made  from  these  sur- 
veys with  all  their  inaccuracies,  have  been  fitted  and  matched, 
together  by  a  sort  of  forcing  process  to  form  a  State  map. 

On  the  separate  maps  thus  made  many  important  topographi- 
cal features  are  omitted  altogether.  Cross-roads  are  often  left 
out.  Minor  streams  are  often  omitted,  or  are  represented  in  an> 
imperfect  way;  and  there  is  an  absolute  want  of  any  represen*- 
tations  on  the  maps  of  the  elevations  and  depressions  of  the 
country  ;  or  at  least  if  such  representations  occur  they  are  drawn 
mostly  from  imagination  and  not  from  actual  determinations.  The 
maps  are  generally  executed  on  paper  with,  all  the  artistic  care 
necessary  to  give  them  a  pleasing  appearance,  but  this  only  inspires 
a  confidence  in  their  accuracy  which  they  do  not  merit.  The  pub- 
lishers of  existing  maps  deserve,  nevertheless,  much  credit^  for 
they  have  given  us  the  only  maps  we  possess.  The  inaccuracies 
and  omissions  are  due  to  want  of  means  and  appliances,  and  the 
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opportunities  for  employing  exact  and  correct  methods  in  making 
the  surveys  in  the  first  instance. 

In  these  respects  New  York  is  no  better  oflTthan  were  the  States 
above  mentioned  before  the  Government  surveys  were  executed. 

When  the  topographical  map  of  Connecticut  was  begun,  two 
years  ago,  by  the  United  States  Geological  Survey,  an  effort  was 
made  to  ascertain  from  published  statements  the  approximate  area 
of  the  State.  Ten  authorities  were  consulted,  each  differing  from 
all  the  others — the  greatest  difference  amounting  to  as  much  as 
three  hundred  square  miles  in  less  than  five  thousand  square  miles, 
which  is  the  actual  area  taken  from  the  late  survey. 

When  the  topographical  surveys  of  England  and  Scotland  were 
in  progress  it  was  found,  among  other  inaccuracies,  that  a  promi- 
nent headland  on  the  northern  coast  was  eleven  miles  out  of  posi- 
tion. 

The  survey  of  India  disclosed  the  fact  that  the  breadth  of  the 
Indian  peninsula  on  the  old  maps  differed  by  forty  miles  from 
its  true  breadth.  Similar  instances,  though  less  conspicuous, 
might  be  given  in  the  case  of  the  survey  of  our  own  coast  by  the 
Coast  Survey.  In  Massachusetts,  Rhode  Island  and  Connecticut, 
as  in  New  York  to-day,  the  old  maps  give  no  indications  what- 
ever by  which  the  water-shed  of  a  given  stream  can  be  determined. 
The  most  frequented  roads  are  often  incorrectely  laid  down ;  and 
to  all  appearances  every  road  is  on  the  same  level  throughout  its 
whole  length.  A  road  may  pass  over  mountains,  sandy  plains,  or 
across  marshes  and  swamps,  but  there  is  nothing  to  indicate  these 
important  features  in  its  course. 

It  is  only  within  three  or  four  years  that  the  variations  of  the 
magnetic  needle  in  the  different  parts  of  the  State  of  New  York 
have  been  determined.  The  late  reports  of  the  Coast  and  Geodetic 
Survey  show  that  the  variation  at  the  western  boundary  is  now 
about  four  degrees  west,  and  at  the  extreme  northeastern  limit  of 
the  State  about  fifteen  degrees  west,  a  progressive  difference  amount- 
ing to  eleven  degrees ;  moreover  the  lines  along  which  the  varia- 
tions are  the  sacne  are  extremely  irregular,  and  run  in  a  general 
direction  obliquely  across  the  State  from  northwest  to  southeast. 

The  variations  are  moreover  continually  changing,  so  that  varia- 
tions for  one  year  do  not  represent  those  for  the  next ;  and  when 
we  consider  that  a  line  run  by  the  magnetic  compass  will  be  in 
error  forty-six  feet  for  every  mile  run,  if  there  be  an  uncorrected 
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variation  of  one  degree,  it  may  be  readily  seen  what  great  errors 
must  be  committed  in  any  survey  depending  on  this  instrument ; 
and  why  it  has  been  absolutely  discarded  in  all  surveys  which  are 
to  constitute  the  basis  of  exact  maps. 

On  this  subject  a  few  words  quoted  from  the  report  of  a  Special 
Committee  appointed  by  the  American  Geographical  Society  in 
1875,  to  examine  the  existing  maps  of  New  York,  furnish  perhaps 
the  most  concise  statement  in  regard  to  the  inaccuracies  of  the 
maps. 

This  Committee  reported,  **  that  the  maps  were  grossly  inaccu- 
rate ; "  that  the  only  surveys  on  which  they  rest  are  the  old  chain- 
and-compass  surveys  made  through  the  woods  nearly  a  hundred 
years  ago  for  parcelling  out  tracts  of  land  to  settlers  ;  and  "  that 
while  the  State  of  New  York  is  the  most  populous  and  wealthy  in 
the  Union,  the  maps  of  the  State  are  worse  than  those  of  almost 
any  other  commonwealth." 

Later,  and  in  some  respects  more  significant,  testimony  in  this 
respect  is  given  in  the  report  of  Mr.  O    H.   Bogardus,  to  whom 
was  assigned  in  1878  the  duty  of  determining  and  marking  county 
1  boundaries. 

This  work  was  done  under  the- supervision  of  the  Director  of  the 

Trigonometrical  Survey,  Mr.  James  T.  Gardner,  and  the  report  is 

to  be  found  in  the  general  report  of  the  Board  of  Commissioners 

for  the  State  Survey  for  1887.     Mr.  Bogardus  reported  **that  he 

had  examined  and  marked  by  monuments  about  one  hundred  and 

fifty  miles  of  county  lines,  one  hundred  of  which  follow  along  the 

lines  of  old  grants."     He  states,  "  that  it  was  impossible  to  estab- 

^  lish  any  considerable  portion  from  original  marks ;  hence  it  is  in 

i  the  subsequent  surveys  as  embodied  in  deeds  bordering  the  lines 

I  that  we  find  the  only  reliable  data,  and  in  the   adjoining   farm 

corners  the  monuments,  from  which  to  re-establish  and  verify  the 

lines." 

In  commenting  on  .this  report  Mr.  O.  S.  Wilson,  in  charge  of 
the  triangulation  by  means  of  which  the  monuments  were  to  be 
correctly  located,  states  as  follows:  "Any  one  in  reading  Mr. 
Bogardus' report  cannot  fail  to  be  impressed  with  the  uncertainty 
of  the  political  boundaries  of  the  State  as  marked  on  the  ground.. 
Indeed,  some  of  the  county  lines  have  never  been  so  marked,  espe- 
cially where  counties  have  been  divided  to  form  new  ones.    There 

is  not  a  neighborhood  in  the  settled  portion  of  the  State  where 
VOL.  XI  n. — 15 
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there  are  not  lines  in  dispute,  and  which  can  only  be  settled  by 
having  some  starting  point  definitely  fixed;  as  it  is  now,  the 
greater  the  number  of  surveyors  employed  to  run  the  lines  the 
more  confusion  and  uncertainty." 

In  the  last  remark  Mr.  Wilson  evidently  refers  to  the  necessity 
of  adopting  for  the  State  Survey  the  only  methods  which  will  in- 
sure accuracy — methods  which  have  been  practiced  in  every  part 
of  the  civilized  world,  and  for  which  there  are  no  known  or  recog- 
nized substitutes. 

These  methods  may  be  broadly  separated  into  two  distinct  classes 
of  operations,  designated  as  trigonometrical  surveys  and  topo- 
graphical surveys.  A  trigonometrical  survey  is  the  indispensable 
preliminary  work  necessary  for  executing  accurate  topographical 
surveys.  It  consists  in  covering  the  whole  area  to  be  mapped  with 
a  network  of  triangles,  the  intersections  of  the  lines  being  promi- 
nent landmarks,  such  as  church  spires,  and  signal  poles  placed  on 
the  summits  of  mountains  and  hills.  The  trigonometrical  work 
consists  in  determining  the  exact  lengths  of  all  the  lines  of  such  a 
survey  by  suitable  instruments  and  observations,  so  that  the  points 
which  they  connect  may  be  plotted  on  a  blank  sheet  of  paper  with 
such  accuracy  that  the  distance  of  any  point  to  any  other,  near  or 
remote,  represents  the  true  horizontal  distance,  with  an  error  of 
only  a  few  inches.  A  map  or  sheet  on  which  there  are  plotted 
thousands  of  such  controlling  points  in  their  true  relative  positions 
constitutes  a  sort  of  frame-work  for  the  subsequent  topographical 
survey.  Such  controlling  points  having  been  plotted  on  a  sheet  of 
paper,  and  the  points  connected  by  straight  lines  drawn  with  a  pen, 
a  network  of  lines  will  be  formed  which  might  be  called  a  "  trigo- 
nometrical "  map,  although  the  term  **  map  "  would  perhaps  be 
inappropriate.  It  Would  represent,  however,  a  **  trigonometrical 
survey,*'  in  which  any  distance  on  the  map  from  one  fixed  point  to 
another  in  any  direction  could  be  taken  off  by  a  scale  with  as  much 
accuracy  as  the  scale  could  be  read.  Distances  along  lines  of 
triangulations  between  points  two  hundred  miles  apart  have 
been  found  by  the  trigonometrical  process  to  be  in  error  less  than 
one  foot. 

New  York  now  possesses  such  a  trigonometrical  survey,  extend- 
ing over  about  tWD- thirds  the  area  of  the  State.  It  was  executed 
under  the  directions  of  the  present  Board  of  Commissioners,  who 
-porated,  by  permission,  in  their  own  work  much  that  had  been 
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done  for  the  puq>ose  of  the  Lake  surveys  by  the  United  States 
Government,  and  portions  also  of  the  triangulation  of  the  United 
States  Coast  and  Geodetic  Survey,  made  for  connecting  the  survey 
of  the  Coast  with  the  Lake  surveys. 

For  making  maps  useful   to  the  community  the  next  and  final 
processes  come  under  the  head  of  "  topographical  surveys." 

A  topographical  survey  consfsts  essentially  in  sketching  in,  or 
filling  in,  the  surface  of  the  paper  on  which  the  controlling  points 
are  plotted,  by  lines  which,  exactly  in  position,  and  partially  in 
appearance,  represent  the  actual  features  of  the  country.  The  topo- 
graphical surveyor  prepares  a  sheet  of  paper,  fixed  upon  a  board  or 
sort  of  portable  table,  by  laying  down  upon  it  all  the  points  of  the 
trigonometrical  survey  which  fall  upon  the  space  which  is  to  be 
represented  on  the  paper.  By  means  of  the  plotted  points,  and  with 
the  help  of  a  few  simple  instruments,  he  locates  on  the  paper  all  the 
minor  details  of  the  natural  surface  of  the  country  ;  traces  out  and 
marks  the  exact  positions  of  the  roads  and  streams,  the  houses, 
bridges,  churches,  boundaries  of  forests,  swamps  and  marshes,  and 
other  prominent  features  of  the  surface.  His  paper  then  becomes  a 
map ;  its  tracery  of  lines  and  its  marks  or  signs  presenting  a  picture 
which  would  bear  a  close  resemblance  to  the  face  of  the  country,  as 
it  would  be  seen  by  a  person  far  above  and  looking  down  upon  it. 
The  tracery  of  roads,  streams  and  boundaries,  and  the  positions  of 
landmarks,  although  sketched  in,  have,  nevertheless,  been  deter- 
mined by  exact  measurements  and  by  methods  peculiar  to  topo- 
graphic surveying;  so  that  the  picture  or  map  is  not  a  mere  eye- 
sketch,  but  a  drawing  faithful  to  nature  in  all  its  parts,  proportions 
and  distances. 

Contiguous  portions  of  the  country  are  mapped  in  the  same 
manner,  the  sheets  slightly  overlapping,  so  that  there  can  be  no 
"  forcing  "  in  the  fitting  of  the  sheets  to  each  other. 

The  details  of  topography  are  determined  with  the  same  relative 
degrees  of  accuracy  that  are  found  in  the  trigonometrical  survey ; 
that  is,' any  distance  can  be  taken  from  the  map  by  a  scale  with  as 
much  accuracy  as  the  scale  can  be  read. 

For  a  topographical  map  constructed  on  a  scale  of  one  inch  to  a 
mile  a  carpenter's  rule  would  show  by  the  number  of  inches  and 
fractions  of  an  inch  between  two  points  on  the  map  the  number  of 
miles  and  fractions  of  a  mile  of  horizontal  distance  on  the  ground  ; 


2i6  THE  QUARTERLY. 

and  the  finer  the  divisions  of  the  scale,  the  nearer  could  such  dis- 
tances be  determined  by  the  map. 

There  is  one  very  important  feature  of  the  surface  mapped  which 
has  not  thus  far,  however,  been  provided  for,  as  far  as  representa- 
tion on  the  map  is  concerned ;  and  to  leave  this  feature  out  would 
leave  the  topographical  map  incomplete  and  deprive  it  of  much  of 
its  value.  This  feature  comprises  the  elevations  and  depressions 
of  the  surface,  the  undulations  of  the  country,  its  hills,  mountains 
and  valleys  Thus  far  in  our  construction  of  a  map  there  is  nothing 
to  show  whether  a  road  passes  over  a  mountain  or  lies  on  a  plain. 
There  is  nothing  to  show  the  particular  region  or  the  amount  of 
surface  upon  which  the  rainfall  is  tributary  to  any  particular 
stream ;  nothing  to  show  whether  a  village  or  lake  lies  at  the  sea 
level  or  a  thousand  feet  above  it. 

This  vital  and  important  information  is  introduced  into  the  topo- 
graphical map  by  means  of  a  series  of  irregularly  curved  lines  on 
the  map  called  contours,  or  contour  lines.  For  the  purpose  of  ex- 
plaining precisely  what  a  contour  line  on  the  map  represents,  a 
simple  illustration  will  be  sufficient.  Suppose  one  of  the  controlling 
points  to  be  situated  on. the  top  of  a  high  mountain  or  hill,  and  that 
the  altitude  at  that  point  above  the  sea  level  has  been  accurately 
determined  by  levelling  instruments.  All  that  could  be  put  on  the 
map  would  be  a  number y  stating  the  altitude  of  the  point  above  the 
sea.  The  shape  of  the  hill  or  mountain  and  its  connection  with 
adjacent  hills  to  form  a  "  range ; "  and  the  locations  and  shapes  of 
the  valleys  between  ranges  of  hills  would  still  be  unrepresented. 
Let  us  suppose,  however,  that  the  surveyor  descends  twenty  feet 
in  vertical  distance  below  the  top  of  the  hill  and  runs  a  line  around 
the  hill,  remaining  all  the  time  at  the  same  level  distance  below  the 
top  He  would  trace  out  on  the  side  of  the  hill  what  is  called  a 
contour;  this  contour  would  give  the  true  shape  of  the  hill  twenty 
feet  below  the  top  all  around,  and  such  a  contour  he  can  project 
downwards  and  plot  on  his  map.  He  then  takes  a  second  level, 
twenty  feet  lower,  and  determines  the  contour  at  that  elevation, 
and  plots  this  also,  and  so  on.  The  first  two  or  three  contours  may 
be  closed  curves,  as  though  slices  were  cut  off  the  top  at  the  given 
elevations,  and  these  slices  did  not  extend  to  adjacent  hills.  But 
as  the  contours  are  made  further  down  they  begin  to  run  into  other 
hills,  and  will  represent  the  level  lines  at  successive  intervals  of 
twenty  feet  along  the  sides  of  a  range  of  hills  or  mountains.   When 
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contour  lines  for  a  district  or  State  are  thus  all  plotted  on  the  map, 
and  referred  to  the  sea  level,  the  dividing  ridges  and  the  valleys 
appear  on  the  drawing.  With  the  topographical  map  before  him 
the  engineer  can  now  trace  out  the  boundary  lines  of  the  water-shed 
of  a  stream  better  than  he  could  from  a  plaster  cast  representing 
the  elevations  and  depressions  of  the  country ;  he  will  know  the 
grades  in  all  roads,  and  can  make  proper  plans  for  their  improve- 
ment He  is  able  to  see  at  once  what  low-lying  districts  can  be 
drained,  either  for  sanitary  purposes  or  for  the  reclamation  of  land. 
I  In  fact,  all  engineering  operations  which  depend  upon  a  knowledge 

of  the  undulations  of  the  country  can  be,  to  a  large  extent,  planned 
by  the  use  of  the  map  without  the  necessity  for  expensive  and 
repeated  special  surveys.  Even  in  farm  drainage  such  maps  are 
valuable  as  indicating  the  slopes  of  the  hills  and  the  shortest  lines 
of  descent. 

For  the  improvement  of  roads  alone,  if  there  were  no  other 
uses  for  complete  topographical  maps,  they  would  be  worth  all 
they  cost.  In  fact,  it  is  difficult  to  see  how  any  systematic  and 
economical  plan  of  road  improvements  can  be  advantageously 
made  without  a  knowledge  of  existing  grades  and  the  physical 
nature  of  the  districts  through  which  the  several  roads  pass. 

It  need  hardly  be  pointed  out  that  the  exact  topographical 
maps  are  often  of  great  value  to  the  Legislature,  especially  where 
the  boundaries  of  State  lands  and  jurisdiction  lines  are  con- 
cerned; nor  is  it  necessary  to  refer  to  the  value  of  such  maps 
in  all  matters  of  internal  improvement,  such  as  the  water-supply 
of  towns,  the  development  of  mining  and  quarry  interests,  and 
the  location  and  construction  of  new  lines  of  traffic. 

In  these  respects  the  rural  districts  are  especially  benefited  by 
accurate  maps  in  the  increase  of  transient  and  fixed  population 
and  by  the  growth  of  industries  and  manufactures. 

The  plan  of  the  United  States  Geological  Survey  is  to  begin  work 
in  different  parts  of  the  State  where  it  shall  appear  in  consultation 
with  the  Commissioners  of  the  State  Survey  that  maps  are  most 
urgently  needed,  and  to  construct  maps  on  a  scale  of  one  inch 
tea  mile,  one  hundred  and  eight  (108)  maps  covering  the  whole 
State. 

These  maps  will  not  only  fit  each  other  along  their  borders,  but 
will  also  harmonize  with  the  maps  of  adjacent  States  made  upon 
the  same  plan. 
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It  has  been  shown  by  the  surveys  in  contiguous  States  that  these 
surveys  including  the  engraving  of  the  maps  on  copper,  can  be 
accomplished  for  ten  dollars  a  square  mile,  or  a  trifle  over  one  and 
a  half  cents  per  acre,  the  State  paying  half. 

As  compared  with  foreign  surveys,  this  price  is  remarkably  low. 

An  appropriation  by  the  State  of  J40»oco  for  the  first  year  will 
secure  the  survey  of  one-eighth  the  area  of  the  State,  or  over  6000 
square  miles,  and  the  same  amount  for  succeeding  years  will  com- 
plete the  survey  in  seven  years.* 

The  following  named  countries  of  Europe  have  complete  topo- 
graphical maps  made  in  the  manner  above  described  and  gen- 
erally upi^n  a  scale  approximating  one  inch  to  the  mile :  England, 
Ireland  and  Scotland,  France,  Belgium,  Netherlands,  Hanover, 
West  Prussia,  Hesse,  Wurtemburg,  Baden,  Switzerland,  Bavaria, 
T}Tol,  Sardinia,  Parma  and  the  States  of  the  Church,  Illyria, 
Austria,  Bohemia,  Saxony,  East  Prussia,  Silesia,  Gallicia,  Upper 
Prussia. 

These  maps  were  long  since  completed  and  are  looked  upon  as 
having  repaid  their  cost  many  times  over,  through  the  public  and 
private  benefits  derived  from  their  uses. 

The  following  copy  of  the  agreement  made  between  the  Com- 
missioners for  the  Connecticut  Survey  and  the  Director  of  the 
United  States  Geological  Survey  may  be  of  interest,  as  showing 
more  precisely  the  nature  of  the  co-operation  between  the  State 
authorities  and  the  United  States  Government: 

''Aiprement  between  the  Commissioner  of  the  State  of  Connecticut 
and  the  Director  of  the  United  States  Geological  Survey  for  the  Con- 
struction of  a  Topographical  Map  of  Connecticut. 

**  I.  The  preparation  of  t/ie  Map  shall  be  placed  under  the  super- 
vision of  the  Director  of  the  United  States  Geological  Survey ^  who 
shall  dctennine  the  methods  af  survey  and  map  construction. 

"2.  The  work  shall  be  based  upon  the  triangulation  of  the  United 
States  Coast  atul  Geodetic  Sunfey^  and  wherever  this  is  deficient  it 
shall  be  supplemented  by  the  United  States  Geological  Survey, 

*<  3,  The  survey  shall  be  executed  in  a  manner  sufficiently  elabo- 
rate to  prepare  a  map  upon  a  scale  of  i  .'62,500,  exhibiting  hydro- 
i^raphy^  hypsography  and  public  culture ^  and  including  all  town  and 

)f  the  State  of  New  York  is  estimated  to  be  50,000  square  miles. 
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ctmnty  boundary  lines  in  this  State  established  at  the  time  of  its  com^ 
pletion,  and  the  preliminary  field  maps  shall  be  on  suck  a  scale  as  the 
Director  of  the  United  States  Geological  Survey  may  select  to  secure 
accuracy  in  the  construction  of  the  final  map  * 

"  4.  The  hypsography  shall  be  shown  by  contour  lines  with  vertical 
intervals  of  twenty  feet, 

"  5.  The  heights  of  important  points,  including  dams,  shall  be  de- 
termined and  furnished  to  the  Commissioners  of  Connecticut. 

**  6.  The  outlines  of  wooded  areas  shall  be  represented  upon  proofs 
of  engraved  maps  to  be  furnished  the  Commissioners  of  Connecticut. 

"  7.  For  convenience  the  Geological  Surrey  shall,  during  the  pro- 
gress of  the  field  work,  pay  the  salaries  of  the  persons  employed 
tlierein,  while  the  travelling,  subsistence  and  field  expenses  shall  be 
paid  for  the  same  time  by  the  State.  For  the  office  work  on  the  maps 
the  salaries  shall  be  divided  between  the  two  agreeing  parties  in  such  a 
way  as  to  equcdize  expenses,  proinded  that  the  totcU  cost  to  the  State 
of  Connecticut,  of  the  field  and  office  work,  including  the  electro  cop- 
per plates  mentioned  tn  Section  10  below ^  shall  not  be  more  than 
$2^,000,  less  the  necessary  expenses  of  the  State  Commission. 

*•  <?.  During  the  progress  of  the  work  free  access  to  the  field  sheets 
and  records  of  the  topographers  and  draughtsmen  shall  be  afforded 
the  Commisioners  for  examination  and  criticism;  and  should  the  said 
Commissioners  of  t/te  State  of  Connecticut  deem  t/iat  the  work  is  not 
being  executed  in  a  satisfactory  manner,  then  the  said  Commissioners 
may,  on  formal  notice,  terminate  tJie  agreement. 

"  9.  Ihe  resulting  map  shall  fully  recognize  the  co-operation  of  the 
State  of  Connecticut. 

"  10.  When  the  work  is  completed  the  Commissioners  of  Connec- 
ticut shall  be  furnished  by  the  United  States  Geological  Survey  with 
photographic  copies  of  manuscript  sheets  ;  and  when  the  engraving  is 
completed^  said  Commissioners  shall  be  furnished  by  the  said  Survey 
with  electro  copper  plates  of  the  sheets  of  the  map,  without  cost  to  the 
State,  in  excess  of  the  ^5,000  appropriated  by  the  State,  less  the 
necessary  expenses  for  the  State  Commissioners^ 

The  Board  of  Commissioners  of  the  New  York  Survey  being 
still  in  office,  it  would  doubtless  be  sufficient  for  the  Legislature  to 
authorize  that  Board  to  make  an  agreement  with  the  Director  of 

*- -M ,  , 

*  Tfio9  is  practically  one  inch  to  one  mile. 
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the  Geological  Survey,  similar  to  the  above ;  the  cost  of  the  sur- 
vey of  the  State  of  New  York  being  limited  to  $^0fXiO  for  the 
first  year  of  the  work. 

The  trigonometrical  work  already  done  under  the  State  Board 
covers,  as  has  been  stated,  about  two-thirds  of  the  whole  State ; 
the  character  of  the  work  has  been  highly  praised  by  Government 
authorities,  and  its  cost  was  in  no  degree  excessive. 

But  the  expenditures  will  be  practically  lost  unless  the  final  ope- 
rations, the  topographic  survey,  be  executed. 

The  cost  of  the  survey  of  Massachusetts  was  #12.97  per  square 
mile;  that  of  Rhode  Island,  II8.97,  and  that  of  Connecticut,  $9.79. 
The  estimated  cost  for  New  York  is  #10.00  per  square  mile — the 
State  paying  half,  or  #5  per  square  mile — an  exceedingly  small  in- 
vestment, considering  the  economic  value  of  the  survey. 

The  map  of  Connecticut  includes  the  locations  of  roads  and 
streams,  the  boundaries  of  forests,  the. locations  of  farm  houses, 
the  contour  lines  over  the  whole  State,  and  the  boundaries  of 
counties  and  towns. 

The  cost  to  the  purchaser  of  a  single  sheet  of  the  maps  will  be 
from  ten  to  fifteen  cents ;  and  thus  eypry  farmer  may  have,  at 
trifling  cost,  an  exact  map  of  many  square  miles  of  territory  adja- 
cent to  his  possessions,  while  as  travelling  maps  the  popular  de- 
mands, judging  from  experiences  abroad,  are  by  no  means  likely 
to  be  insignificant  or  unimportant.  The  summer  tourist  or  traveller 
may  select  his  own  routes  and  determine  in  advance  the  distances 
to  be  travelled,  and  the  character  of  the  roads  as  far  as  grades  are 
concerned.  Public  interest  in  the  interior  attractions  and  resources 
of  the  country  will  thus  be  promoted  by  the  increased  facilities  for 
journeying  by  the  common  roads. 

It  would  seem  to  be  a  wise  and  economic  policy  for  the  State  of 
New  York  to  take  immediate  advantage  of  the  opportunity  of  co- 
operation offered  by  the  Government,  especially  in  view  of  the  fact 
that  appropriations  that  may  hereafter  be  made  by  Congress  for  the 
surveys  of  the  States  may  be  divided  among  several  States,  and  the 
survey  of  New  York  thus  very  much  delayed.  The  United  States 
Government  cannot,  of  course,  take  the  initiative  in  the  matter. 
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PYROMETER  OF  M.  LE  CHATELIER  (Supplementary 

Note.)* 

By  JOSEPH  STRUTHERS. 

This  pyrometer  is  based  on  the  fact  that  when  two  dissimilar 
metals  are  placed  together  in  circuit  and  heated  a  current  of  elec- 
tricity is  produced,  the  strength  of  which  is  dependent  on  the 
temperature  to  which  the  metals  are  raised.  There  are  essentially 
three  parts  to  the  pyrometer :  the  couple  or  thermo-j unction, 
which  produces  the  current  of  electricity ;  the  galvanometer, 
which  measures  it,  and  the  conductor  connecting  them. 

The  couple  is  composed  of  two  wires,  twisted  or  soldered  to- 
gether, one  of  platinum,  the  other  of  platinum  with  ten  per  cent. 


\ 


rhodium.  The  galvanometer  used  is  that  of  Deprez  and  D'Ar- 
sonval,  slightly  modified.  The  conductor  is  of  common  copper 
wire  about  i   mm.  diameter.     The  calibration  is  done  by  taking 

*  A  complete  description  of  this  pyrometer  was  given  in  the  School  of  Mines 
Quarterly,  vol.  xii..  No  2.. 
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certain  known  temperatures  and  making  a  chart  representing  the 
value  of  the  divisions  shown  on  the  scale  of  the  pyrometer  in 
thermometric  degrees ;  a  curve  is  then  plotted  and  any  intermedi- 
ate temperature  can  be  ascertained  by  reference  to  the  chart. 

An  automatic  method  of  observation  has  been  devised  for  regis- 
tering the  results,  and  the  following  description  is  taken  from  a 
paper  read  by  Prof.  Roberts- Austen  before  the  Iron  and  Steel  In- 
stitute, May  7,  1891. 

The  illustration  represents  the  apparatus  for  automatic  observa- 
tion, and  consists  of  the  galvanometer  enclosed  in.  a  camera:  a 
fixed  mirror  F  being  placed  below  the  movable  mirror  M  of  the 
galvanometer,  so  that  the  light  from  the  lime  cylinder  L  reflected 
in  the  mirror  H  passes  to  both  mirrors  F  and  M,  and  is  reflected 
in  the  direction  of  a  fine  horizontal  slit  A  B,  behind  which  a  sen- 
sitized photographic  plate  C  is  drawn  vertically  past  the  slit  by 
means  of  a  gearing  D  driven  by  clockwork. 

The  ray  from  the  fixed  mirror  is  interrupted  periodically  by  the 
vane  E  and  a  beaded  datum  line  is  given,  which  enables  any 
irregularity  in  the  advance  of  the  plate  to  be  detected. 

The  amount  of  divergence  from  its  datum  line  of  the  spot  of 
light  reflected  by  the  movable  mirror  at  any  given  moment  bears 
a  relation  (which  can  be  found  out  by  calibration)  to  the  tempera- 
ture to  which  the  thermo-j unction  X  is  heated,  and  variations  of 
temperature  are  recorded  by  a  curve  which  is  the  resultant  of  the 
upward  movement  of  the  plate  and  the  horizontal  movement  of 
the  spot  of  light. 

The  complete  arrangement  is  shown  in  the  figure.  Thethermo- 
j unction  X  is  inserted  in  a  tubulure  of  a  specially  constructed  cruci- 
ble of  plumbago,  which  contains  about  5  oz.  of  pure  molten  gold  and 
is  allowed  to  cool  down  slowly  inside  of  a  silver  vessel  105  mm. 
in  diameter,  and  polished  inter»^a!ly.  If  the  thermo-j  unction  was 
immersed  or  brought  into  contact  with  the  mass  of  metal  which 
was  being  heated  to  melting,  they  would  get  a  sinuous  line  traced 
oft  the  advancing  plate  by  the  passage  of  the  spot  of  light 
from  the  movable  mirror  in  its  efforts  to  get  back  to  its  zero. 
This  photographic  method  of  recording  gives  a  very  delicate 
means  of  ascertaining  any  molecular  changes  that  might  take 
place  in  iron  or  other  metals  when  cooling,  and  has  special  appli- 
cation where  continuous  temperatures  are  desired. 
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THE  PATH  OF  A  LOCOMOTIVE  CRANK-PIN. 

By  GEORGE  F.  D.  TRASK. 

The  following  is  a  brief  discussion  of  the  path  described  by  any 
point  rigidly  connected  to  a  wheel  which  rolls  in  one  plane  on  a 
straight  track,  such  as  the  centre  of  a  locomotive  crank-pin. 

To  find  the  equation  of  the  curve,  assume  the  notation  of  the 
figure,  in  which  the  wheel  rolls  on  the  axis  of  x^  and  the  axis  of,;' 
passes  through  the  crank  on  its  lower  half  centre.  P  is  the  centre 
of  the  crank-pin,  whose  path  we  wish  to  find. 


Let  1  =  CPr=.  the  length  of  the  crank,  and  r  =  the  radius  of  the 
wheel.  Suppose  the  wheel  to  have  rolled  to  the  right  any  distance 
OD  from  the  origin,  and  call  the  corresponding  angle  from  the 
vertical  passed  through  by  the  crank,  4>. 

From  the  figure  we  have 


but 


and 


hence 


x  =  OA=OD^  AD, 
OD  =  DE=r^, 


AD=PB=y^n  —  {r—y)\ 


x  =  r^  =F  ;//*  —  (r — y) 


\2 


(I) 


From  the  figure  again, 


y^AP^DB^r  —  lcos,^, 


L 
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or 

cos,  <p  = =1 

hence 

^•=€0$."^  -i 

Substituting  this  value  of^^  in  Eq.  (i),  we  have 


X^^rCOS.      ' r-=^   -:-  ,//« (^ vi« 


v//«-(r— ^V 


!:2i 


which  is  the  equation  of  the  curve  described  by  P. 

If  in  Eq.  (2)  weniake^=r  —  /,  we  havejr=  <7,jr  =  2xr,jr  =  4 
te  r,  etc. 

If  we  make^  =  r  +  /, 

jr=s  s-r,  jTas  3irr,  etc. 
If  we  make  J'  =  r, 

2  2 

It  can  be  shown  by  the  calculus  that  the  length  of  the  curve  in- 
creases with  /. 

It  is  evident  that  Eq.  (2)  represents  in  general  a  curve  whose  lim- 
iting cases  are  a  straight  line,  a  circle,  and  a  cycloid.  To  show  this 
analytically :  ^ 

1.  If  in  Eq.  (2)  we  make/  =  ^,  the  only  real  values  of  x  must 
correspond  to^  =  r,  and^i*  =  r  is  a  straight  line. 

2.  If  in  Eq.  (2)  we  make  r  =  ^,  it  becomes  x*  +^*  =  /*,  which 
is  a  circle. 

3.  If  in  Eq.  (2)  we  make  /  =  r,  it  becomes 


x  =  rversin-*  _Z_  -  ^   2ry—f 


which  IS  a  cvcloid. 

If  /  >  r,  the  curve  becomes  a  series  of  lo(^>s. 
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ANALYSIS  OF  CHROMITE. 

By  E.  waller  and  H.  T.  VULTfe. 

Chromite,  the  mineral  source  of  chromium  comp>ounds  used  in 

the  arts  is  essentially  a  chromate  of  iron  and  is  represented  by  the 

formula,  FeOjCrjOj.     The  theoretical  composition  calculated  from 

this  basis,  is 

FeO,  32  per  cent. 

CrjO,,  68  per  cent. 

The  mineral  is  frequently  associated  with  magnesia,  silica  and 
manganese ;  the  full  list  of  possible  constituents  of  the  ore  is  that 
usually  given  for  iron  ores. 

The  chromium  is  usually  the  most  important  constituent  and 
chromic  oxide  alone  is  determined.  The  refractory  character  of 
chromite  is  well  known  and  many  efforts  have  been  made  to  per- 
fect a  scheme  of  separation  and  estimation  of  the  chromium,  which 
would  be  at  the  same  time  simple  and  accurate. 

The  following  methods  may  be  recalled.  They  are  divided  in 
two  distinct  classes :  First,  those  making  use  of  liquid  reagents. 
Second,  those  in  which  fusion  is  used.  Of  the  first  class  we  men- 
tion the  following: 

1.  Boiling  with  nitric  acid  and  potassium  chlorate,  Storer, /V^^. 
Amer.  Acad.,  iv.,  432  ;  Pierson,  Am:  Jour.  Sci,  [2],  48,  190;  Pawol- 
leck,  Ber.y  xvi.,  3008.  Baubigny,  Bull,  Soc.  Chem,,  1884  [2].  xli., 
291,  finds  this  method  very  .satisfactory.  Many  others  however, 
have  found  it  tedious  or  unsatisfactory  or  both,  and  such  has  been 
our  experience. 

2.  Heating  with  bromine  water  in  a  sealed  tube  at  130°  —  170° 
C,  for  several  days,  E.  F.  Smith,  Am,  Jour,  Science  [3],  xv.,  198. 
It  is  obvious  that  the  length  of  this  operation  constitutes  a  very 
serious  objection. 

3.  Heating  for  several  hours  at  200°  C.  with  sulphuric  acid  (i 
part  HjO  and  2  parts  H2SO4  by  weight)  in  a  sealed  tube,  Mits- 
chcrlich,yi7«r.  PrakL  Chem.,  81,  108  and  83,  455. 

Sulphuric  acid  of  specific  gravity  1.34  was  found  by  Philips, 
Fres.  Zeits.,  xii.,  189,  to  give  the  best  results.  The  time  required 
for  this  operation  is  about  ten  hours.  Serious  objections  may  be 
urged  against  these  methods  both  from  length  of  time  required 
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and  danger  of  explosion.     Of  the  second  class,  or  fusion  methods 
we  find : 

1.  Acid  potassium  fluoride,  Gibbs,  Fres.  Zts,,  iii.,  328,  also  Du- 
bois, Fres.  Zts.,  iii.,  401  ;  these  chemists  use  four  to  five  times  the 
weight  of  ore  in  flux  and  fuse  from  ten  to  fifteen  minutes. 

2.  Alkaline  or  alkaline  earth  fluoride  in  conjunction  with  alka- 
line bi-sulphate,  S'\\\,Jour,  Lond,  Chem.  Soc,  xxxv.,  292;  Clarke, 
Am. /our.  Science,  1868,  173;  Hagen,  Untersuchungen,  i.,  163, 
The  use  of  fluorides  requires  special  management  to  avoid  the 
subsequent  destruction  of  glassware  and  involves  more  manipula- 
tion and  skill  than  is  required  by  some  of  the  other  methods. 

3.  Potassium  bi-sulphate  alone,  Reinhardt,  Chem,  Ztg,,  xiii.,  430. 
This  method  is  not  efficient  uunless  extraordinary  precautions 
are  taken  in  pulverizing  the  ore. 

4.  Potassium  bi-sulphate  followed  by  potassium  chlorate  and 
sodium  carbonate,  O'Neill,  Chem.  News,  1862,  199. 

5.  Potassium  bi-sulphate  followed  by  potassium  nitrate  and  so- 
dium carbonate,  Oudesluys,  Chem.  News,  1862,  254;  Hunt,  Amer. 
Jour.  Set,  [2],  v.,  418,  adds  a  little  alkaline  nitrate  towards  the  end 
of  the  operation. 

6.  Caustic  alkali  with  or  without  the  addition  of  lime,  Pellet, 
Berg,  u  Huttenman  Ztg.,  xl.,  224  ;  Christomanos,  Ber.,  x.,  10,  sub- 
stitutes magnesia  for  lime.  Morse  and  Dsiy,  Amer.  Chem. /our., 
iii.,  163,  advocate  the  use  of  an  iron  crucible. 

7.  Caustic  or  carbonated  alkali  in  conjunction  with  an  oxidizing 
agent.  Potassium  chlorate  is  recommended  by  Schwartz,  Annaien, 
Ixix.,  212,  and  Blodgett-Britton,  Chem.  News,  xxi.,  266.  Alkaline 
nitrate  is  recommended  by  CdXwtrt^ /our.  Lond.  Chem.  Soc,  v.,  194  ; 
Peligot,  Comptes  Rendus,  67,  871;  Clouet,  Comptes  Rendus,  67, 
762.  Barium  dioxide  is  recommended  by  Donath,  Ding.  PolyL 
Jour,,  cclxiii.,  245  ;  Kinnicut  and  Paterson,  y^//r.  Anal.  Chem.,  iii., 
132. 

8.  Alkaline  carbonates  with  borax,  Dittmar,  Ding.  Polyt.  /our., 
ccxxi.,  450  and  Iron,  January,  1876,  p.  131.  The  flux  is  composed 
of  three  parts  of  a  mixture  of  potassium  and  sodium  carbonates 
with  two  parts  of  borax  glass. 

9.  Alkaline  carbonate  with  some  borax  and  alkaline  nitrate,  P. 
Hart,yi?//r.  Prakt.  Chem.,  Ixvii.,  320. 

The  wet  methods  and  those  by  fusion  with  fluoride  have  already 
been  briefly  discussed.     Fusing  alkaline  bi-sulphate  in  our  experi- 
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ence  does  not  readily  decompose  chromite  unless  it  is  in  a  state  of 
subdivision  not  easily  obtained.  Elutriation  is  not  a  desirable 
method  of  obtaining  the  necessary  state  of  comminution,  since  the 
chromite  possesses  such  a  high  specific  gravity  (about  4.5)  that  by 
elutriation  a  partial  separation  of  that  mineral  from  its  associated 
minerals  in  any  given  sample  will  result,  tending  to  produce  in- 
correct results. 

Fusion  with  caustic  alkalies  requires  the  use  of  a  silver  or  iron 
crucible.  Such  crucibles  need  to  be  thick  as  compared  with  those 
of  platinum  and  consequently  require  the  application  of  a  higher 
heat  to  keep  the  melt  at  the  proper  temperature  during  fusion. 
Moreover,  if  oxidizing  agents  are  used  in  these  crucibles  they  de- 
teriorate rapidly. 

Of  course  where  alkaline  fluxes  only  are  used  the  decomposi- 
tion is  effected  by  the  oxidation  of  the  chromium  to  chromic  acid 
and  its  union  with  the  alkali.  The  presence  of  an  excess  of  base 
with  a  plentiful  access  of  the  oxygen  of  the  air,  favors  such  a 
change  and  indeed  is  the  method  utilized  in  the  manufacture  of 
chromium  salts  from  the  ore. 

The  following  process  based  on  such  a  fusion  with  subsequent 
special  treatment  has  been  found  to  give  satisfaction  and  is  thought 
to  be  more  simple,  accurate  and  rapid  than  any  method  heretofore 
proposed.     The  plan  of  procedure  is : 

a.  Fuse  0.5  to  i  gm.  with  five  or  six  times  its  weight  of  Ditt- 
mar's  flux  in  a  platinum  dish. 

b.  Dissolve  in  water,  filter  and  evaporate,  adding  a  little  ammo- 
nium nitrate  from  time  to  time,  until  the  last  addition  fails  to  give 
any  odor  of  ammonia  on  heating  the  solution.  Continue  the 
evaporation  to  dryness,  moisten  with  a  few  drops  of  nitric  acid  and 
heat  until  dry. 

c.  Take  up  with  water  containing  a  few  drops  of  nitric  acid,  add 
hydrochloric  acid  and  sulphurous  acid,  or  a  little  ammonium  sul- 
phite, boiling  out  the  excess  of  SOj. 

d.  Neutralize  with  ammonia  and  boil,  adding  a  little  ammonium 
sulphide.  Re-dissolve  in  hydrochloric  acid,  and  reprecipitate  as 
before  to  purify  the  precipitate.     Ignite  and  weigh  CrjO,. 

Comments — a.  The  flux  is  made  by  fusing  together  two  parts  of 
borax  glass  with  three  parts  of  (dry)  sodium  and  potassium  car- 
bonates, mixed  approximately  in  proportion  of  their  molecular 
weights  (106  to  138).     After  fusing  the    mixture   is  poured  out 
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upon  a  cold  surface  (a  dry  platinum  dish  floated  on  the  surface  of 
cold  water)  and  then  coarsely  powdered  for  use.  As  it  is  some- 
what hygroscopic,  it  should  be  kept  in  a  tightly  corked  bottle. 
The  borax  makes  the  flux  somewhat  pasty,  so  that  it  holds  the 
mineral  partly  in  suspension,  and  thus  favors  the  decomposition. 
A  convenient  form  of  dish  for  the  fusion  is  one  about  2  inches  in 
diameter,  and  half  an  inch  deep,  with  rounded  bottom  and  pro- 
vided with  a  small  ear  for  grasping  with  the  tongs.  If  a  shallow 
dish  of  the  kind  is  not  available,  the  convexity  of  the  cover  of  a 
large  fusion  crucible  makes  a  very  good  substitute.  The  flux  has 
practically  no  effect  upon  the  platinum.  Over  three  hours  of  fu- 
sion caused  in  one  case  a  loss  of  3.5  mgms.  and  ordinarily  little  or 
nothing. 

A  good  way  of  managing  the  fusion  is  first  to  melt  in  the  dish 
the  requisite  quantity  of  flux,  and  then  allow  it  to  cool ;  then 
weigh  out  the  finely  pulverized  ore,  and  by  means  of  a  feather 
brush  it  on  to  the  surface  of  the  melt,  spreading  it  as  evenly  as 
possible. 

Then  fuse  with  a  good  Bunsen  burner,  stirring  occasionally 
with  a  platinum  wire,  until  the  decomposition  is  apparently  com- 
plete. This  is  likely  to  require  not  over  forty  minutes,  if  the  ore  has 
been  well  pulverized,  and  the  stirring  has  been  sufficiently  frequent. 
If  either  point  has  been  neglected  it  may  require  longer.  Remove 
the  heat  temporarily,  and  as  the  mass  cools,  stir  with  the  platinum 
wire  in  such  a  way  as  to  take  a  portion  of  the  material  from  the 
bottom  of  the  melt.  As  soon  as  this  hardens  sufficiently,  with- 
draw and  examine  it  for  black  grains  of  undecomposed  ore.  If 
any  are  seen,  replace  the  test  bead  in  the  dish,  cover,  and  apply 
the  heat.  The  material  soon  melts  off  from  the  wire,  when  the 
cover  may  be  removed,  unless  the  heat  is  insufficient  to  keep  the 
mass  fluid  without  its  use.  When  decomposition  is  apparently 
complete,  remove  the  heat  and  allow  the  mass  to  cool. 

b.  The  portion  soluble  in  water,  besides  the  excess  of  the  con- 
stituents of  the  flux,  should  contain  all  of  the  chromium  as  alkaline 
chromate,  together  with  some  alkaline  manganate,  aluminate  and 
silicate.  That  insoluble  in  water  should  dissolve  completely  in 
hot  dilute  hydrochloric  acid.  If  some  black  grains  of  undecom- 
posed ore  remain,  they  must  be  filtered  off  and  fused  with  a  little 
more  of  the  flux  as  in  the  first  instance. 

The  evaporation  of  the  water  solution,  with  addition  of  ammo- 
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nium  nitrate  {Genth.  Chetn.  News,  vi.,  32)  cause  the  manganese  to 
separate  as  insoluble  MnOj,  the  alumina  being  at  the  same  time 
precipitated  as  hydrate,  which  by  the  prolonged  heating  as- 
sumes a  form  practically  insoluble  in  nitric  acid,  especially  when 
hot.  The  last  addition  of  nitric  acid  and  heating  will  render  all  of 
the  silica  insoluble,  so  that  eventually  nothing  soluble  remains 
except  alkaline  chromate  and  nitrate. 

c.  The  object  of  this  step  is  simply  to  reduce  the  chromium  to  the 
form  of  base.  The  presence  of  hydrochloric  acid  is  of  advantage  in 
the  next  step,  as  it  affords  ammonium  chloride  which  favors  the 
separation  of  chromium  hydrate. 

d.  It  may  be  found  that  at  first  no  precipitate  appears  on  neutral- 
izing with  ammonia.  On  boiling,  however,  to  remove  the  slight 
excess  of  ammonia,  chromium  hydrate  separates.  The  addition  of 
a  little  ammonium  sulphide  favors  the  separation.  The  precipitate 
produced  in  presence  of  the  fixed  alkalies  is,  however,  never  suf- 
ficiently pure  to  be  at  once  ignited  and  weighed.  After  washing 
it  requires  at  least  one  re-solution  in  hydrochloric  acid  and  re- 
precipitation  in  the  same  manner  as  before.  A  third  re-precipita- 
tion may  be  advisable. 

If  alkaline  salts  remain  with  the  precipitate,  the  error  involved 
is  not  only  due  to  the  additional  weight  of  those  contaminants, 
but  they  may  induce  a  further  increase  in  weight  due  to  the  partial 
formation  of  alkaline  chromate. 

List  of  analyses  made  by  the  preceding  method  : 

CrjOs  found. .  CriOs  calc. 
per  cent.        per  cent. 

1.  Chromite  and  Iron  Ore, 4.18  4.38 

2.  '*  **  2.92  2.80 

3.  '*  " 3.87  3.96 

4.  "  "  2.75  2.64 

5.  "  **  2.57  a.72 

6.  «  **  2.98^  2.88 

7.  "  '*  .....    4.44  4.32 

8.  "  *•  .....    4.027  4.07 

9.  "  *'  844  8.64 

10.  "  "  3.52  3.51 

11.  "  "  277  2.907 


12.  ••  "  10.57  10.60 

These  samples  were  made  from  a  chromite  mixed  with  iron  and 
manganese  ores.     The  chromite  was  found  to  contain  57.00  and 
57.025  per  cent,  of  chromic  oxide  as  a  result  of  determination  by 
different  analysts. 
VOL.  xiii. — 16 
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THE  FOSSIL  FORESTS  OF  THE  YELLOWSTONE. 

By  WALTER  HARVEY  WEED. 

The  name  of  fossil  forest  has  been  so  often  used  to  call  atten- 
tion to  small  collections  of  prostrate  tree  trunks  of  siticified  wood 
that  one  scarce  expects  more  of  the  locality  bearing  this  designa- 
tion in  the  Yellowstone  Park.  Yet  the  name  of  fossil  forest  is  a 
most  appropriate  one  for  this  collection  of  upright  tree  trunks, 
which,  seen  at  a  little  distance,  closely  resemble  the  skeleton 
trunks  of  their  living  relatives  near  by. 

The  particular  locality  to  which  attention  is  called,  and  to  which 
the  name  of  The  Fossil  Forest  is  applied,  is  in  the  eastern  part  of  that 
great  national  pleasure  ground,  the  Yellowstone  Park.  Although 
easily  reached  by  a  fair4y  good  wagon  road,  which  forms  the  mail 
route  to  the  little  mining  camp  of  Cooke,  Montana,  the  locality  is 
seldom  visited,  save  by  those  vandals  who  have  carted  away  its 
treasures  by  the  wagon  load  to  be  shipped  to  the  dealer  in  "sp)eci- 
mens."  The  region  is  a  picturesque  one ;  the  broad,  wide  valley 
of  Lamar  river,  with  its  great  meadows  and  groves  of  tall  cotton- 
woods  is  enclosed  by  grassy  foothills,  the  slopes  dotted  with 
patches  of  the  quaking  aspen.  The  steeper  slopes  that  rise  up- 
ward to  the  mural  cliffs  that  face  the  valley  are  dark  with  pines 
and  the  picturesque  Douglas  spruce.  To  the  eastward  Soda  Butte 
Valley  penetrates  the  heart  of  the  rugged  Sierra,  whose  high 
peaks  rise  in  castellated  forms.  The  visitor,  disappointed  perhaps 
in  the  mountain  scenery  of  the  park,  after  travelling  the  usual 
route  over  the  dusty  roads  of  the  park  plateau,  \yill  here  find 
mountain  views  that  are  sure  to  fulfil  his  expectations,  while  the 
neighborhood  is  not  lacking  in  curiosities  that  in  another  land 
would  attract  visitors  from  far  and  wide. 

Soda  Butte,  a  cone  of  hot  spring  limestone  (travertine)  that 
gives  its  name  to  the  creek  flowing  by  it,  is  only  worthy  of  notice 
as  a  ruin,  but  the  cold  springs  near  by  are  highly  charged  with 
mineral  salts  and  gases,  and  whether  the  visitor  be  bettered  in 
health  by  a  glass  of  it  or  not  the  spring  is  sure  to  be  remembered 
by  all  who  have  tasted  its  mal-odorous  waters.  The  only  accom- 
modations in  this  part  of  thp  park  are  to  be  obtained  here,  and 
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though  far  from  luxurious  the  cabin  that  serves  as  mail  station  is 
not  lacking  in  the  usual  frontier  comforts.  A  couple  of  miles  from 
here  is  an  area  of  many  acres  of  whitened  rocks,  where  sulphurous 
gases,  still  ascending,  have  formed  banks  of  sulphur,  the  surface 
covered  by  a  dark  gray  crust  whose  ropy  forms  resemble  scoria 
and  wholly  lack  the  bright  primrose  color  of  sulphur,  though  com- 
posed entirely  of  it. 

A  few  miles  beyond  is  Death  Gulch,  whose  deadly  vapors  have 
killed  a  number  of  bears,  their  skeletons  and  fur  lying  strewn  about 
its  bottom,  while  other  and  smaller  game  occasionally  venture  in 
the  walls,  and,  succumbing  to  its  vapors,  serve  as  bait  for  the  next 
victim.  The  mortuary  interest  of  this  peculiar  valley  of  death 
overshadows  the  attention  aroused  by  the  beautiful  deposits  of 
calcite,  an  old  hot  spring  deposit  and  the  iris  pools  of  acid  chaly- 
beate water  near  by. 

The  geological  structure  of  this  region  is  comparatively  sim- 
ple, though  the  details  of  its  history  required  patient  investigation. 
Lava  flows  and  great  quantities  of  fragmental  volcanic  rocks, 
1  forming  beds  of  breccia,  aggregating  thousands  of  feet  in  thick- 

ness, rest  upon  the  eroded  surface  of  nearly  horizontal  limestones, 
carrying  Paleozoic  fossils.  These  breccias,  which  formerly  covered 
the  entire  eastern  part  of  the  park,  now  form  the  high  and  rugged 
peaks  of  the  Absarokas,  and  are  cut  into  deep  canons,  high  pla- 
teaus and  towering  mountain  summits.  Since  their  deposition 
they  have  been  covered  with  subsequent  lava  flows,  while  the  last 
act  of  the  dying  volcanic  forces  filled  the  valley  bottom  with  basalt. 
The  volcanic  breccias,  which  occur  in  beds  of  varying  thickness, 
are  composed  of  fragments  of  all  sizes ;  they  generally  show  a 
rude  assortment,  and  are  separated  by  intercalated  bands  of  vol- 
canic tuffs.  The  rocks  are  all  andesitic  and  basaltic,  but  vary 
considerably  in  their  character.  It  is  in  these  beds  of  breccia  that 
the  fossil  trees  occur,  their  roots  imbedded  in  the  tuffs  that  once 
formed  their  soil,  and  which  now  contain  an  abundant  and  ex- 
tremely beautiful  collection  of  leaf  remains. 

The  particular  locality  designated  as  the  fossil  forest,  for  fossil 
trees  occur  at  many  other  places  as  well,  is  the  bluff*  wall  on  the 
west  side  of  the  Lamar  Valley  opposite  the  mouth  of  the  Soda 
Butte  Creek,  a  bare  exposure  of  the  breccia  rocks  and  tuffs  some 
1600  feet  in  height,  where  the  weathering  of  the  rocks  has  left  the 
tree  trunks  standing  out  in  bold  relief.     When  first  discovered  in 
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1878  the  beds  of  breccia  contained  great  quantities  of  agate,  ame- 
thyst and  chalcedony,  but  these  minerals  are  now  rarely  seen, 
having  been  carried  away  by  visitors  in  search  of  "  specimens." 
In  recent  years  even  the  fossil  trees  themselves  have  been  taken 
away  when  small  enough  to  be  readily  transported.  The  discov- 
erer of  this  interesting  feature  of  wonderland  was  Mr.  W.  H. 
Holmes,  who  made  a  brief  study  of  the  geology  of  the  region  for 
the  Hayden  Survey  in  1878,  and  published  a  graphic  account  in 
the  twelfth  annual  report  of  the  survey.  The  accompanying  plate, 
showing  the  breccia  mountains  and  the  valley  of  Soda  Butte  creek, 
east  of  the  Fossil  Forests,  is  from  a  drawing  by  this  versatile  artist 
and  geologist. 

These  volcanic  agglomerates,  which,  as  has  been  mentioned, 
characterize  this  region,  attain  a  thickness  of  several  thousand  feet 
in  this  vicinity,  and  are  here  for  the  most  part  horizontal.  At 
certain  localities,  of  which  the  fossil  forest  is  the  best  known,  these 
bedded  volcanic  rocks  are  full  of  upright  fossil  tree  trunks. 

Turning  aside  from  the  wagon  road  before  reaching  Soda  Butte 
creek  and  crossing  the  grassy  footslopes,  the  detritus  from  the  little 
ravine  that  drains  the  cliffs  attracts  attention  by  the  large  amount  of 
fossil  wood,  agate  and  chalcedony  which  it  holds.  Reaching  the 
steeper  slopes  at  the  base  of  the  cliffs  the  rocks  are  concealed 
beneath  the  abundance  of  flowers  and  grass,  but  sections  exposed  in 
the  ravine  show  fine-grained  beds  of  volcanic  ash  and  agglomerates, 
in  which  leaf  remains  were  found,  but  no  tree  trunks.  Above  these 
grassy  slopes  the  steep  surface  of  the  bare  buttress  ridges  that  lead 
to  the  cliffs  above  are  strewn  with  broken  tree  trunks  and  wood. 
Some  500  feet  above  the  valley  the  fossil  trees  are  numerous. 
Trunks  and  fragments  of  trees  were  found  in  great  numbers  and 
in  all  conceivable  positions.  In  most  cases  the  woody  structure  is 
well  preserved,  and  the  trunks  resisting  the  weathering  that  causes 
the  enclosing  rocks  to  crumble  away,  stand  out  in  pillars  of  varying 
heights.  Cross  fractures  produce  a  tendency  to  break  in  sec- 
tions on  whose  surfaces  weathering  has  brought  out  the  annual 
rings.  Oftei>  the  trees  have  been  replaced  by  casts  of  chalcedony 
or  agate,  and  frequently  the  trunks  are  hollow  and  lined  with 
quartz  and  amethyst  crystals.  The  large  size  and  fine  state  of 
preservation  is  especially  noteworthy.  Upright  trunks  rise  from 
a  ledge  as  broken  columns  of  varying  heights.  As  these  trunks 
break  into  sections  by  cross-fractures  it  is  not  often  that  they  attain 
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any  great  height,  the  rock  wearing  away  but  little  more  rapidly 
than  the  trees  themselves. 


In  many  instances  the  roots  are  exposed  and  may  be  seen  pene- 
trating the  solid  rock  that  once  formed  the  surface  soil.     The 
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largest  upright  trunk  is  an  old  stump  lo  feet  across  and  some  12 
feet  high.  The  woody  structure  is  not  so  well  preserved  as  is  the 
case  with  the  smaller  trees,  but  microscopic  sections  show  it  to 
be  coniferous.  The  bark  is  without  structure,  four  inches  thick 
and  retains  the  outer  surface  quite  perfectly.  Prostrate  tree  trunks 
are  of  frequent  occurrence,  sometimes  as  much  as  50  feet  long  and 
5  to  6  feet  in  diameter.  The  higher  parts  of  the  cliff  show  an 
abundance  of  trunks,  often  20  to  30  feet  high,  their  roots  imbedded 
in  the  fine-grained  rocks,  their  branchless  and  battered  trunks  en- 
closed in  the  coarse  breccias  or  agglomerates  that  form  so  large  a 
part  of  the  rock  series.  A  careful  study  of  the  rocks  has  shown 
that  they  are  all  the  products  of  explosive  volcanic  action  or  of 
mud  flows  of  volcanic  dust  or  ashes.  Fine-grained  shaly  beds  of 
light  brown,  grayish  or  bright  green  tints  alternate  with  coarse 
agglomerates  of  non-assorted  angular  fragments  of  basaltic  lavas. 

The  history  of  these  buried  forests  is  that  of  the  volcanic 
agglomerates  of  the  region,  and  has  only  been  made  clear  by  a 
careful  study  of  the  region  for  many  miles  to  the  eastward.  Some 
forty-five  miles  in  that  direction  the  bedded  volcanic  rocks,  lose 
their  persistent  horizontality ;  are  cut  by  massive  dikes  that  weather 
out  in  great  walls  miles  in  extent.  A  high  but  flat-topped  moun- 
tain in  the  rugged,  almost  impassable  country  about  the  head  of 
Crandall  creek  has  proved  to  be  the  key  that  unlocks  the  secrets 
of  the  past  ages.  It  is  the  heart  or  core  of  an  old  volcano,  and 
the  mountain,  with  the  neighboring  country,  as  far  away  as  the 
Fossil  Forests,  is  indeed  a  dissected  volcano,  once  rivalling  Etna 
in  size.  The  detailed  evidence,  which  has  been  carefully  worked 
out  by  the  Yellowstone  Division  of  the  Geological  Survey,  shows 
that  the  region  was  once  a  country  of  hills  and  valleys,  in  which 
granites  and  Paleozoic  limestones  were  exposed  as  the  result  of 
long-continued  erosion.  In  the  eastern  part  of  this  region  vol- 
canic forces  found  an  outlet  in  a  break  through  the  limestones,  and 
explosive  eruptions  covered  the  country  with  a  heavy  mantling  of 
ashes  and  lapilli,  and  about  the  vent  built  up  a  cone  of  coarser 
material,  the  blocks  of  ejected  lava  and  bombs  cast  out  of  the 
volcano's  throat. 

Lava  flows  succeeded,  and  were  in  turn  covered  beneath  more 
volcanic  debris,  and  thus  a  great  cone  was  built  up  that  the  ob- 
served facts  show  must  have  been  some  10,000  feet  higher  than  the 
summit  of  the  present  mountains, — a  great  volcano,  yet  not  larger 
than  those  of  the  present  day. 
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Upon  the  lower  and  gentle  slopes  of  this  volcano  vegetation 
flourished  and  forests  grew  up,  until  explosive  eruptions  of  unusual 
violence  buried  them  beneath  an  accumulation  of  ejected  material. 
In  eruptions  of  the  active  volcanoes  of  to-day  that  have  been 
studied,  similar  cases  are  not  uncommon.  The  eruption  of  Kra- 
katoa  in  1883,  and  of  Tarawera,  New  Zealand,  in  1886,  were  of  this 
nature.  The  trees,  stripped  bare  of  leaves  and  limbs  by  the  vio- 
lent winds  that  accompany  these  eruptions,  were  buried  beneath 
the  mud  showers  and  streams,  and  by  the  later  fall  of  stones  and 
great  blocks  of  lava.  In  such  a  way  the  forests  that  first  grew 
upon  the  flanks  of  the  great  Crandall  creek  volcano  were  buried 
beneath  the  ashes,  muds,  and  debris  of  the  eruption. 

In  a  period  of  quiet  succeeding,  a  new  forest  flourished  and  grew 
up,  only  to  be  in  turn  buried  beneath  the  showers  of  rocks  ;  and 
this  was  repeated  until  there  were,  as  the  clifls  now  show,  no  less 
than  ten  or  more  buried  forests,  one  upon  another. 

Since  the  dying  out  of  the  volcano,  wind  and  rain  and  frost  have 
carried  away  the  cone  and  laid  bare  the  plug  of  lava  that  filled  the 
heart  of  the  old  volcano,  and  its  flanks  now  form  the  mountain 
ridges,  peaks,  and  plateaux  of  the  present  country.  It  is  only 
about  the  flanks  of  the  old  volcano  that  fossil  trees  are  found,  as  it 
was  only  there  that  vegetation  flourished  in  the  intervals  between 
the  greater  explosions  of  the  vent.  To-day  the  streams  have  cut 
deep  caiions  in  the  volcanic  rocks,  and  again  exposed  the  under- 
lying limestones  and  granites  to  view. 

The  trees  thus  buried  have  been  beautifully  preserved.  Pros- 
trate trunks  and  upright  trunks  alike  are  as  perfect  in  form  as  the 
day  they  were  imbedded  in  the  rocks.  By  what  process  has  the 
soft  and  perishable  woody  tissue  been  converted  into  stone  is  a 
question  often  asked.  If  a  piece  of  the  petrified  wood  be  ground 
down  until  it  is  almost  transparent  and  examined  under  a  micro- 
scope, it  will  be  found  to  show  every  detail  of  the  woody  structure 
as  perfectly  as  a  slice  from  the  wood  of  a  modern  tree,  yet  the  ma- 
terial is  wholly  silica.  It  is  evident  the  process  of  transformation 
has  been  a  most  thorough  and,  we  are  led  to  believe,  a  slow  one* 
The  actual  silicification  of  pine  wood  about  the  present  hot  springs 
of  the  Park  has  led  to  a  belief  that  it  was  by  a  similar  agency  that 
the  petrifaction  of  these  forests  was  accomplished.  This  is  not, 
however,  the  case.  The  rocks  about  them  do  not  show  the  alter- 
ation produced  by  hot  waters,  but  rather  the  infiltration  of  sur- 
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face  waters,  which,  charged  with  silica  derived  from  the  readily 
soluble  minerals,  found  an  easy  passage  through  the  porous  rocks. 
The  rotting  wood  wetted  by  these  waters  produced  a  chemical 
precipitation  of  the  silica,  particle  by  particle,  until  the  entire  trunk 
was  fossilized,  and  the  centre  often  filled  by  the  beautiful  crystals 
of  limpid  quartz  or  amethyst  now  so  often  found.  Not  only  were 
the  trees  thus  silicified,  but  the  seams  and  crevices  of  the  rocks 
were  filled  with  silica,  and,  later,  by  calcite  from  the  percolating 
waters. 

The  geological  importance  of  the  Fossil  Forests  lies  in  the  light 
the  trees  and  leaf  remains  throw  upon  the  nature  of  these  ancient 
forests.  The  leaf  impressions,  so  abundant  in  certain  layers,  show 
a  wide  variety  of  trees  of  types  referred  to  the  Miocene  a^e,  so 
that  they  afford  evidence,  which  a  study  of  other  f  ratures  of  the 
geology  of  the  region  confirms,  of  the  time  at  which  this  volcano 
was  active.  The  leaf  remains  are  often  quite  beautiful,  the  dark- 
brown  color  showing  in  most  pleasing  contrast  to  the  bright-green 
tint  of  the  rock  itself.  Delicate  ferns  flourished  beneath  great 
conifers,  and  tulip  trees,  walnuts,  maples,  and  other  congenitors  of 
living  species  formed  great  forests. 

A  large  collection  of  plant  remains  from  this  region  has  been 
made,  and  is  in  the  hands  of  Prof.  L.  F.  Ward,  of  the  U.  S.  National 
Museum,  for  examination,  so  that  an  interesting  account  of  the 
flora  of  this  olden  time  may  be  expected  soon. 


CONTRIBUTIONS    FROM    THE    MINERALOGICAL 
LABORATORY  OF  COLUMBIA  COLLEGE. 

By  a.  J.  MOSES  and  L.  McI.  LUQUER. 

Alabandite   from  Tombstone,  Arizona, 

According  to  the  description  of  Mr.  Staunton,  the  Superin- 
tendent of  the  Tombstone  Mining  Company,  a  mineral,  which  we 
have  determined  to  be  the  manganese  sulphide  alabandite,  was 
found  in  April,  1891,  "  in  the  footwall  of  the  Lucky  Cuss  fissure- 
vein  in  a  pure  white,  strongly  crystalline  limestone.  The  mineral 
was  found  by  following  a  body  of  oxide  of  manganese  and  lime 
spar  ore  which  gradually  merged  into  it,  reaching  a  point  where 
there  was  little  else,  and  this  afterwards  gradually  merging  into 
the  sulphides  of  iron,  zinc  and  copper,  with  still  a  small  amount 


\ 


ALABANDITE  AND  WAVELLITE.  237 

of  the  manganese  sulphide.  This  is  the  present  condition  of  the 
working."  "  The  deposit  is  about  ICX)  feet  above  the  water-level 
of  the  mine,  and  it  is  singular  that  it  should  have  remained  unde- 
composed  while  another  adjacent  deposit  is  thoroughly  decom- 
posed to  a  depth  of  fifty  feet  below  the  water  level,  the  lowest  point 
yet  reached."  The  deposit  is  known  to  be  cut  off  in  one  place  by 
a  granite  dike. 

Several  rough  crystals  with  a  dull  or  velvety  lustre  were  found, 
the  best  of  which  was  a  cube  about  ^  of  an  inch  on  a  side.  On 
this  crystal  the  octahedral  plane  was  represented  by  a  concave 
surface  coated  with  a  thin  layer  of  calcite,  the  intersection  edges 
with  the  cube  face  being  fairly  perfect.  A  twinning  was  distinctly 
seen  in  this  crystal,  the  line  of  intersection  of  the  twinning  plane 
with  a  cube  face  making  an  angle  with  a  cube  edge  of  135°,  and 
by  hand  measurements  the  diedral  angle  of  which  this  line  of 
intersection  is  the  edge,  was  approximately  1 10°,  theory  requir- 
ing 109^  28'.  Measurements  made  upon  another  rough  crystal 
gave  the  same  angle  of  about  110°. 

The  cleavage  is  very  easy  parallel  to  the  cube,  and  much  of  the 
material  is  cleavable  massive,  and  when  broken  does  not  yield 
broad  cleavage  faces,  but  a  series  of  rather  small  planes  meeting 
at  definite  angles,  corresponding  to  the  angles  due  to  the  octahe- 
dral twinning  observed  in  the  crystals. 

Frequently  a  feather-like  structure  is  observed  due  to  the  meet- 
ing along  a  twinning  plane  of  the  lines  of  cleaveage.  At  other 
times  this  structure  is  apparently  produced  by  the  meeting,  along 
a  common  plane,  of  a  number  of  imperfectly  formed  cubic  crystals, 
the  edges  of  these  cubes  making  the  same  angle  with  each  other 
that  is  required  for  twinning  parallel  to  an  octahedral  face ;  and 
the  faces  of  the  imperfect  cubes  being  represented  by  a  series  of 
step-like  planes,  which  are  sometimes  ^  inch  by  yi  inch  in  size. 
In  certain  cases  repeated  twinning  has  produced  rosettes. 

The  mineral  is  of  a  dark  lead  gray  to  iron  black  color.  Tar- 
nish brown  or  bronze-like,  sometimes  iridescent.  Streak  and 
powder  are  olive  green.  A  very  thin  section  of  the  mineral  be- 
came translucent  and  by  transmitted  light  showed  a  beautiful 
grass  green  color,  though  by  reflected  light  it  was  still  metallic. 
This  section  was  found  to  be  perfectly  isotropic  between  crossed 
nicols. 

The  lustre  was   bright  and   metallic   on   fresh   cleavage,  the 
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hardness  was  between  3  and  4,  and  the  specific  gravity  on  very 
pure  cleavable  material  gave  as  two  results,  4.031  and  4.040. 
Before  the  blowpipe  the  mineral  became  brown  and  fused  rather 
easily  with  decided  intumescence  to  a  brown  slag ;  in  the  open  tube 
it  became  brown  and  evolved  sulphurous  fumes,  with  soda  it 
yielded  strong  manganese  and  sulphur  tests.  In  cold,  dilute  nitric 
acid  the  powder  was  instantly  dissolved  with  rapid  effervescence 
and  strong  odor  oX^  sulphuretted  hydrogen ;  in  cold  dilute  hydro- 
chloric acid  it  dissolved  less  rapidly.  The  chemical  analysis 
made,  with  great  care,  by  Mr.  G.  J.  Volckening,  Jr.,  yielded: 

S  =  36.907 
Mn  =  63.034 


99.941 


corresponding  strictly  to  MnS. 

In  the  cleavable  calcite,  which  is  the  principal  associate,  are 
found  small,  glassy  grains  of  quartz,  sometimes  of  a  rosy  color,  a 
few  bright  crystals  of  pyrite  and  a  few  grains  of  a  yellowish  gar- 
net. Upon  one  or  two  specimens  rhodochrosite  was  found,  and 
the  cleavage  surface  of  one  specimen  was  noticed  to  be  coated 
with  a  mineral  resembling  proustite  from  which  a  silver  button 
was  obtained  by  cupellation.  As  Mr.  Staunton  speaks  of  the  silver 
contents  being  $10  per  ton  it  is  probable  that  the  silver  was  de- 
rived from  small  amounts  of  this  mineral. 

On  one  specimen,  in  very  much  decomposed  calcite,  minute 
bunches  of  bright,  metallic,  needle-like  crystals  were  found.  A 
coating  of  bluish  botryoidal  chalcedony  was  noticed  on  another 
specimen. 

Wavellite  from  Florida. 

Mr.  W.  de  L.  Benedict  recently  presented  to  the  mineral  cabi- 
net of  the  School  of  Mines  a  specimen  of  the  ordinary  white 
phosphate  rock  from  the  No.  9  mine  of  the  Dunellen  Phosphate 
Company,  Marion  Co.,  Florida.  Upon  the  specimen  were  a  num- 
ber of  small  globular  aggregates  about  4  mm.  in  diameter,  which, 
under  magnification,  were  found  to  be  composed  of  minute  crys- 
tals (about  0.2-0.3  mm.  in  breadth)  radiating  from  a  common 
centre.  Upon  more  careful  examination  these  were  found  to  be 
definitely  orthorhombic,  with  the  macrodiagonals  approximately 
parallel,  the   prevailing  form   being  a  combination  of  a  prism, 
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macro-dome  and  brachy-pinacoid,  and   some  very  minute  faces, 
apparently  of  a  brachy-dome  or  a  brachy-pyramid. 

The  structure  and  occurring  planes  suggested  wavellite.  To 
confirm  this,  qualitative  tests  were  made,  which  proved  the  pres- 
ence of  AljOj,  P2O5.  HjO,  and  absence  of  CaO ;  the  hardness  was 
found  to  be  a  little  over  3,  the  specific  gravity  2^4.92.  With  the 
ordinary  revolving  stage  and  a  half-inch  objective,  the  following 
angles  were  obtained,  which  compare  with  wavellite  as  well  as  the 
method  of  measurement  would  permit : 

Florida  Wavellite. 

Fhotphate. 

Prism 127?  15^  126*^  2Syi^ 

Dome 105®  27^  106°  46yi^ 

The  material  is  externally  pinkish,  but  in  small  fragments  is 
transparent  and  yellow,  the  apparent  pink  color  being  due  to  a 
little  white  dust  coating  the  yellowish-brown  material. 

Analysis  by  Mr.  G.  J.  Volckening,  Jr,  yielded : 

AlA  =  37.076 

♦pjOj  =  33.887 

H,0  =  26.366 
97.329 


A  RAPID  METHOD    OF   DETERMINING  THE  COMPO- 
SITION OF  LUBRICATING  OILS.f 

By  HAROLD   GRIPPER,   F.C.S. 

The  great  majority  of  the  oils  now  used  for  machine-lubricating 
are  mixtures  of  hydrocarbon  and  saponifiable  oils.  The  existing 
methods  for  the  determination  of  these  constituents  are  accurate 
and  easily  worked,  but  somewhat  tedious,  all  consisting  in  saponi- 
fication and  subsequent  separation  by  extraction  of  the  hydrocar- 
bons with  ether.  The  usual  process  (described  in  Allen's  Com- 
mercia/  Organic  Analysis^  vol.  ii.,  p.  83)  involves  saponification, 
evaporation  of  the  alcohol,  dilution  with  water  and  cooling,  sepa- 
ration in  a  separating  funnel  with  ether,  and  finally  evaporation  of 
the  ethereal  layer  and  weighing  of  the  residue.  All  this  takes 
time,  even  if  the  separation  in  the  separating  funnel  takes  place 
rapidly,  which  is  not  always  the  case. 

The  following  process  I  have  found  useful  when  a  number  of 
samples  have  to  be  examined  at  the  same  time,  and  when  results 

*  PjOg  and  A1,0,  were  determined  upon  only  30  m.g.  of  material, 
t  Chemical  News^  vol.  Ixv.,  p.  27. 
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approximately  correct  only  are  required,  as  is  often  the  case  in  this 
laboratory.  The  results  obtained  are  within  2  or  3  per  cent,  of  the 
truth.  The  method  is  simply  an  extension  of  the  well-known 
Koettstorfer  process.  Two  and  a  half  grammes  of  the  sample  are 
saponified  in  the  usual  way  with  25  c.  c.  of  a  solution  of  alcoholic 
potash  about  N/3  (with  oils  containing  more  than  50  per  cent,  of 
saponifiable  oil  the  usual  N/2  strength  may  be  used).  When  sa- 
ponification is  complete  the  titration  is  made  in  the  ordinary  way 
with  N/2  HCl,  using  phenolphthalein  as  indicator,  and  a  blank  ex- 
periment having  been  made  to  estimate  the  strength  of  the  alco- 
holic potash  used,  the  percentage  of  KHO  used  by  the  sample  is 
calculated. 

The  saponifiable  oils  chiefly  used  in  the  making  of  mixtures  for 
lubricating  purposes  are : 

KHO  absorp-        Saponification 
tion.  equivalent. 

Per  cent. 

Brown  cotton-seed, 22.27  252 

"      rape, 20.03  280 

Neatsfoot, 18.70  300 

T.no\v. \    ''-3°  =^ 

Castor, 17.90  313 

The  potash  absorptions  therefore  vary  between  17.90  per  cent- 
and  22.27  per  cent.  It  is  necessary  to  take  the  mean  of  these  fig- 
ures (20.08  per  cent.)  as  the  potash  absorption  of  the  unknown 
mixture  of  saponifiable  matter  in  a  lubricating  oil.  Then 
lOO.o  20.08  =  4.98  parts  of  the  oil  are  saponifiable  by  i  part  of 
KHO.  Therefore  if  the  percentage  of  KHO  absorbed  by  the  sam- 
ple be  multiplied  by  4.98,  the  amount  of  saponifiable  matter  present 
will  be  obtained.  Or  the  calculation  may  be  simplified  by  muld 
plying  the  number  of  c.  c.  of  N2  HCl  (corresponding  to  KHO 
neutralized)  by  (0.02805  X  40  X  4.98)  ^=  5.587.  The  proportion 
of  saponifiable  oils  is  thus  obtained.  The  amount  of  hydrocarbon 
oil  is  ascertained  by  difference. 

But  it  is  necessary  to  know  the  specific  gravity  of  the  hydrocar- 
bon oils.  In  order  to  estimate  this,  the  liquid  in  the  oil  flask  is. 
immediately  after  titration,  raised  again  to  the  boiIing-j»o;nt,  and 
poured  through  a  filter  paper  which  has  been  saturated  with  boil- 
ing water.  The  alcoholic  solution  of  soap  and  KCl  will  nin 
through  in  two  or  three  minutes,  the  hydrocarbon  oils  remaining 
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on  the  filter.  They  are  washed  once  with  boiling  water,  and  the 
specific  gravity  may  then  be  taken  by  Hager's  method.  It  is  not 
necessary  to  wash  the  oil  more  than  once,  since  in  making  Hager's 
test  the  globule  of  oil  dropped  into  the  alcoholic  liquid  is  immedi- 
ately cleansed  thereby  from  all  impurities.  The  specific  gravity  of 
the  hydrocarbon  oils  and  of  the  original  mixture  being  known, 
the  specific  gravity  of  the  saponifiable  oils  may  be  calculated  by 
difference. 

By  this  method  an  analysis  may  be  completed,  including  the 
calculation  of  results,  within  an  hour  of  the  commencement  of  the 
saponification,  and  in  examining  a  series  it  is  of  great  advantage,  a 
dozen  samples  being  easily  completed  in  a  day.  The  only  source 
of  error  is  in  the  fact  that  the  nature  of  the  saponifiable  oil,  and 
therefore  its  exact  saponification  equivalent,  is  unknown. 


By  Titration. 

Per  cent.  Sp.  gr. 

I.  78.3  of  hydrocarbon  oil,  0.891 
21.7  of  saponifiable  oil,  0.950 

79.4  of  hydrocarbon  oil,  0.891 

20.6  of  saponifiable  oil,  0.955 

78  3  of  hydrocarbon  oil,  o  891 

21.7  of    saponifiable  oil,  0.950 

II.  72.7  of  hydrocarbon  oil,   0900 

27.3  of  saponifiable  oil,   0973 

III.  76.6  of  hydrocarbon  oil,   0882 

23.4  of  saponifiable  oil,   0.956 

IV.  65.4  of  hydrocarbon  oil,   0.887 
34.6  of  soponifiable   oil,   0.966 

V.  79.9  of  hydrocarbon  oil,   o  885 
20.1  of  saponiBable  oil,   0963 

796  of  hydrocarbon  oil,  0.885 

20.4  of  saponifiable  oil,   0.962 

79.9  of  hydrocarbon  oil,   0.885 
20.1  of  saponifiable   oil,  0.963 

VI.  56.5  of  hydrocarbon  oil,  o  906 

43.5  of  saponifiable  oil,   0.966 


By  Separation  and  \Veighing. 

Percent.  Sp.  gr. 


79  3  of  hydrocarbon  011,0890 
20.7  of  saponifiable  oil,  0.957 


74.4  of  hydrocarbon  oil,  0.900 

25.6  of  saponifiable  oil,  0.9  9 

76.7  of  hydrocarbon  oil,  0.883 
23.3  of  saponifiable  oil,  0.953 

64.1   of  hydrocarbon  oil,  0.886 
35.9  of  saponifiable  oil,  0.964 


79.8  of  hydrocarbon  oil,  o  886 
20.2  of  saponifiable  oil,  0.959 


J 


58.1  of  hydrocarbon  oil,  0.908 
41.9  of  saponifiable   oil,  0.965 


The  accompanying  results  were  obtained  by  the  process  de- 
scribed, and  by  the  usually  accepted  method  of  separation  with 
ether  and  weighing  the  hydrocarbons.  The  results  are  in  all  cases 
in  approximate  and  in  some  cases  in  close  agreement. 


242 


THE  QUARTERLY. 


A  SIMPLE  SUBSTITUTE  FOR  THE  KIPP  GAS 

GENERATOR, 

By  JAMES  MASON  KNOX. 

The  annexed  cut  illustrates  a  simple  substitute  for  the  Kipp  Gas 
Generator. 

It  consists  in  a  wide-mouthed  bottle  B,  connected  with  a  flask  F 
by  a  piece  of  heavy  glass  tubing  A,  which  extends  from  the  bottom 
of  B  through  the  bottle  and  flask  as  shown  in  the  cut. 


This  tube  should  fit  tightly  in  B,  but  only  so  snugly  in  F  as  to 
prevent  leakage.  A  delivery  tube  D,  passes  through  the  stopper 
of  the  larger  vessel  B,  and  may  be  provided  with  a  stop-cock  or 
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pinch-cock  if  desired.  Another  tube  E,  is  passed  through  the 
rubber  stopper  of  F  and  either  bent  over  or  bent  to  one  side  and 
drawn  to  a  jet  as  shown  in  the  cut. 

To  operate,  a  layer  of  pumice  stone  is  put  into  the  bottom  of  B 
to  prevent  the  solid  material  from  lying  in  any  residual  acid.  After 
this  the  solid  material,  as  iron  sulphide,  is  introduced  upon  the 
pumice  stone.  The  flask  F  is  filled  with  acid,  the  end  of  A  remain- 
ing above  the  liquid. 

When  the  gas  is  required  the  flask  F  is  slipped  up  along  the 
tube  A,  allowing  the  acid  to  run  through  this  tube  into  the  lower 
vessel,  air  entering  through  E  as  the  acid  escapes. 

To  stop  the  generation  the  flask  is  slipped  down  and  the  tube 
D  closed  until  the  gas  has  driven  the  acid  back  into  the  flask. 

The  advantages  of  this  apparatus  over  the  other  substitutes  for 
the  Kipp  Generator  are,  that  in  case  of  the  usual  leakage  around 
the  fittings  of  B  and  D  when  the  apparatus  is  not  in  use,  the  acid 
will  not  run  down  into  the  lower  vessel,  as  the  end  of  the  tube  A 
is  kept  above  the  level  of  the  liquid  in  F  except  when  being  used. 
And  that  the  quantity  of  acid  brought  into  use  can  be  regulated 
by  the  extent  to  which  the  flask  is  slipped  up.  This  prevents 
excess  of  eflTervescence  and  the  consequent  boiling  over  of  the  liquid 
through  the  delivery  tube. 

The  apparatus  is  cheap  and  simple,  and  easily  taken  apart  to  be 
cleaned. 

The  stopper  need  not  be  removed  from  F  in  refilling,  as  the  acid 
may  be  poured  into  B  and  from  there  driven  up  into  F  by  the 
gas. 


SOAP,  ITS  FABRICATION  AND  ANALYSIS.* 

By  H.  T.  VULTfe,  Ph.D. 

In  a  broad  sense  the  term  soap  includes  the  compounds  of  the 
higher  fatty  acids  with  alkali  or  other  metallic  bases.  The  former 
being  soluble  and  the  latter  insoluble  in  water.  It  is  to  the  first 
class,  namely,  the  soda  and  potash  compounds,  that  the  term  soap 
is  particularly  applied ;  the  second  class,  not  so  well  known  to  the 
general  public,  have  still  a  considerable  application,  for  example, 
lead  soap,  or  plaster  of  pharmacy,  alumina  soap  used  as  a  lubri- 
cant, and  iron  and  chromium  soaps  used  in  dyeing  and  printing. 

*  For  Bibliogrphy,  sec  p.  297. 
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There  are  two  general  classes  of  soaps,  the  potash  or  soft  soaps, 
so  called  in  virtue  of  their  property  of  absorbing  water  and  re- 
maining in  a  semi-fluid  or  pasty  condition  and  the  soda  or  hard 
soaps  which  lose  water  and  become  quite  hard  or  horny  in  char- 
acter on  exposure  to  the  atmosphere.  The  potash  soaps,  though 
formerly  much  prized,  have  almost  entirely  gone  out  of  use,  the 
chief  reasons  being  their  property  of  absorbing  water,  rendering 
themi  unsuited  for  keeping  and  transportation,  and  the  greater 
cost  of  the  alkali.  Furthermore,  though  they  are  invaluable  for 
certain  purposes,  as  the  scouring  of  raw  wool  and  rough  house- 
hold use,  the  extreme  difficulty  of  making  a  neutral  compound 
makes  them  unsuited  for  use  in  the  toilet  and  general  cleansing  of 
clothing  or  other  objects,  for  which  soap  has  so  important  an  ap- 
plication. 

With  these  brief  remarks  we  may  then  dismiss  the  subject  of 
soft  soaps,  since  the  methods  of  preparation  are  similar  and  the 
analysis  exactly  like  that  of  the  more  important  soda  compounds. 

The  fats  usually  employed  in  making  hard  soaps  may  be  the 
neutral  fats,  i>.,  the  glycerides,  compounds  of  fatty  acids  with 
glycerine,  or  the  fatty  acids  themselves. 

The  neutral  fats  most  commonly  used  are  stearin,  palmitin, 
olein  and  laurin  or  cocoanut  oil,  and  as  fatty  acid,  oleic  acid,  the 
stearic  and  palmitic  acids  being  chiefly  used  for  the  fabrication  of 
candles.  As  a  rule,  better  products  can  be  obtained  by  using  the 
neutral  fats. 

Thirty-one  parts  of  soda  (NajO),  or  one-half  the  molecular 
weight,  require  for  combination  the  following  quantities  of  the 
common  fat  acids : 

Parts. 

Stearic  acid, 284 

Oleic  acid, 282 

Palmitic  acid 252 

Laurie  acid, 200 

One  hundred  parts  of  the  following  fats  require  the  following 
amounts  of  alkali  for  complete  saponification  : 

Potash.  Soda. 

Olein, 15.95  »0-52 

Palm  oil, 16.67  II. 

Tallow, 15.92  10.50 

Cocoanut  oil, 18.86  12.44 
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Soda  soaps  may  be  classed  as  follows : 

Toilet  Soaps. — Pure  soaps,  containing  no  rosin,  free  or  carbon- 
ated alkali  or  silicate. 

Household  Soap. — Containing  rosin  and  free  an«l  carbonated 
alkali  and  silicate  not  to  exceed  one<half  of  one  per  cent. 

Manufacturer's  Soaps. — Strongly  alkaline  soaps  with  or  without 
rosin  or  silicate  as  the  special  case  may  require. 

Medicated  Soaps. — Pure  soap  containing  phenol,  naphthol  or 
other  medicinal  agent. 

Salt  Water  Soaps. — Mixed  soda  and  potash  soaps  of  cocoanut 
oil  which  are  soluble  in  both  fresh  and  salt  waters. 

Soaps  may  be  prepared  from  oleic  acid  by  direct  combination 
with  soda,  preferably  the  carbonate,  in  the  cold  or  at  a  slightly 
elevated  temperature,  but  the  best  results  are  obtained  when  the 
glycerides  are  saponified  with  successive  portions  of  rather  dilute 
caustic  soda,  using  the  weakest  solution  first  and  boiling  after  each 
addition ;  when  complete  the  soap  is  separated  by  adding  a  strong 
brine  and  rises  to  the  surface,  allowing  the  mass  to  cool,  the 
soap  is  skimmed  ofTand  placed  in  frames ;  such  a  product  is  called 
curd  soap.  For  household  soaps  containing  rosin  it  is  usual  to 
add  this  substance  gradually  in  the  form  of  a  fine  powder  during 
the  process  of  saponification.  Some  makers  prefer  to  saponify 
rosin  and  fats  together,  but  the  best  method  is  to  add  the  rosin  to 
the  soap  in  the  form  of  a  soda  resinate. 

There  is  much  dispute  as  to  the  value  of  rosin  in  soaps  of  this 
character ;  soapmakers  claim  that  it  renders  the  soap  more  lasting 
and  yields  a  finer  lather,  on  the  other  hand,  if  present  in  too  large 
proportion  it  coats  the  skin  with  a  thin  film  of  rosin  and  renders 
fabrics  yellow  and  sticky,  in  any  event  it  should  not  exceed  25 
per  cent,  of  the  total  fatty  acids  present  as  soap. 

A  curious  system  in  vogue  among  soapmakers  should  be  noted. 
Rosin  soaps  are  rated  according  to  the  proportion  the  rosin  bears 
to  the  fatty  acids  present ;  a  soap  of  equal  parts  of  rosin  and  fat 
is  called  100  per  cent,  rosin  ;  one-quarter  rosin,  three-quarters  fat, 
is  50  per  cent,  rosin ;  three-quarters  rosin  and  one-quarter  fat  is  1 50 
per  cent.,  etc. 

Little  if  any  curd  soap  is  sold  as  such  ;  additions  of  various  sub- 
stances, in  the  main  deleterious,  are  made  in  the  subsequent  opera- 
tion of  crutching.     This  process  consists  in  reducing  the  curd 

soap  to  a  mass  of  fine  shreds,  at  the  same  time  incorporating  with 
VOL.  XIII. — 17 
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it  sal  soda  or  silicate,  or  both,  and  thoroughly  mixing  the  mass. 
These  agents  increase  the  detergent  action,  but  the  addition  of 
such  materials  as  clay,  wood-pulp,  barytes,  etc.,  is  indefensible. 
All  the  above  materials  have  the  very  significant  name  of  fillers, 
A  pure  soda  soap  has  the  following  composition  : 

Per  cent. 

Fatty  acids, 62.3 

Water, 32.8 

Combined  alkali, 6.7 

Salts,    . 0.2 

A  soda  rosin  curd  soap  just  from  the  pans  analyses  as  follows : 

Fat  and  rosin  acids,     .        . 65. 

Soda, 6.5 

Water, 28.5 

The  following  are  good  examples  of  rosin  soaps : 

X.  a.                     3. 

Fats  and  rosin, 70.0  60.43  61.0 

Water, 23.5  32.50  32.8 

Soda, .       6.5  6.77              6.2 

As  a  rule  the  combined  alkali  is  one-ninth  of  the  fat  existing 
as  soap. 

Analysis  of  Soap. 

Analysis  of  soap. 

Determination  of  water,  etc. 

Cut  from  a  bar  of  soap  several  one-half  inch  cubes,  place  in  a 
clean  dry  test  tube,  cork  and  weigh  the  whole.  Then  shake  from 
the  tube  2  or  3  cubes  (5  to  10  grammes)  into  a  platinum  dish  con- 
taining 25  or  30  grammes  of  clean,  dry  sand  and  a  small  glass  rod, 
all  of  which  have  been  previously  weighed  ;  now  add  50  to  75  c.c. 
of  absolute  alcohol  and  heat  on  the  water  bath  until  the  soap  is 
dissolved,  stirring  at  intervals.  Evaporate  the  solution  slowly  to 
dryness,  mixing  the  contents  of  the  dish  thoroughly  as  the  mass 
dries,  then  transfer  to  an  air  bath  at  a  100°  C.  Remove  from  the 
air  bath,  cool  and  weigh,  repeat  the  operation  to  constant  weight. 
The  loss  is  water. 

Or  5  grammes  of  soap  may  be  weighed  in  a  platinum  dish  with 
a  small  glass  rod,  the  dish  and  contents  heated  over  a  low  flame 
with  constant  stirring;  the  temperature  should  not  be  allowed  to 
rise  high  enough  to  burn  the  soap ;  a  clean  cold  glass  plate  held 
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over  the  dish  for  a  few  moments  will  show  by  the  presence  or 
absence  of  moisture  whether  or  not  the  water  has  been  driven  off. 
This  operation  takes  about  twenty  minutes,  and  is  accurate  to 
0.25  per  cent. 

Instead  of  using  a  platinum  or  porcelain  dish  a  better  way  is  to 
make  use  of  a  shallow  lead  dish  2^  or  3  inches  in  diameter;  large 
bottle  caps  serve  very  well.  The  same  routine  is  passed  through 
in  determining  water ;  when  this  is  done  the  dish  and  contents  may 
be  bent  up  and  placed  in  the  inner  tube  of  an  extraction  apparatus, 
preferably  the  Knoeffler,  and  after  filling  the  tared  flask  with  petro- 
leum ether  the  apparatus  may  be  put  together  and  run  for  one  to 
two  hours ;  at  the  end  of  this  time  the  apparatus  is  cooled,  the  lead 
dish  removed  and  replaced  by  a  short  test  tube,  the  apparatus 
again  closed  and  set  in  operation  continuing  until  nearly  all  the 
petroleum  ether  has  distilled  from  the  flask.  The  apparatus  is  again 
cooled,  the  tared  flask  removed  and  laid  on  a  hot  water  bath  on 
its  side  until  all  odor  of  petroleum  ether  has  disappeared ;  it  is 
then  cooled  and  weighed ;  the  increase  represents  unsaponified  fat. 
The  dish  is  again  replaced  in  the  extractor  and  treated  with  95  per 
cent,  alcohol  to  remove  the  soap  and  glycerine ;  one  and  one-half 
to  two  hours  time  will  effect  this  result.  The  dish  and  contents 
are  now  removed  from  the  extractor,  placed  in  a  medium  sized 
beaker  and  treated  with  hot  water,  finally  filtering  and  washing 
until  free  from  chlorides ;  the  filtrate  is  diluted  to  400  c.c.  and  100 
C.C.  taken  for  the  determination  of  NajCOj,  100  c.c.  for  Na2S04, 
100  c.c.  for  NaCl,  100  c.c.  for  silicate.  The  residue  insoluble  in 
HjO,  may  be  examined  for  mineral  colors,  insoluble  soaps,  clay, 
wood  pulp,  silica,  etc. 

The  alcoholic  solution  of  the  soap  is  now  removed  from  the 
flask,  adding  more  alcohol  if  necessary,  and  a  few  drops  of  phenol- 
phthalin  added,  and  titrated  for  free  alkali  with  NioHCl.  (N.  B. 
It  has  frequently  been  observed  that  a  soap  may  contain  free 
alkali  and  uncombined  fat,  an  apparent  anomaly,  the  result,  how- 
ever, of  careless  manufacture.)  The  alcohol  may  now  be  removed 
from  the  soap  solution  by  diluting  with  HjO  and  passing  through 
it  a  current  of  steam.  When  this  has  been  effected  add  an  excess 
of  N/HCl  to  decompose  the  soap;  boil  the  resulting  mass  for  ten 
to  fifteen  minutes  (after  adding  a  strong  solution  of  NaCl  or  NagSO^ 
to  render  the  fatty  acids  of  cocoanut  oil,  etc.,  insoluble),  chill  the 
iatty  acids,  punch  two  holes  through  the  cake  and  decant  the  solu- 
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tion  through  a  filter,  add  some  hot  water  to  the  fat  acids  in  the 
beaker  and  more  NaCl  if  necessary  and  wash,  chill,  filter  as  before ; 
finally  break  up  the  cake  of  fat  acids,  transfer  to  the  filter,  dry  the 
beaker,  rinse  out  with  ether  into  a  tared  flask,  introduce  the  filter 
paper  and  contents  into  an  extraction  apparatus  and  extract  the 
fat  and  resin  acids,  drive  off  the  ether,  heat  gently,  cool  and  weigh. 
It  is  sometimes  necessary  to  determine  resin ;  in  this  case  use  the 
methods  of  Gladding  or  Twitchell. 

The  watery  solution  is  now  titrated  with  N/^KOH  to  determine 
the  excess  of  acid  used.  When  the  neutral  point  has'been  reached, 
note  the  number  of  cubic  centimetres  used,  add  two  or  three  drops 
of  methyl  orange  and  again  titrate  until  neutral ;  this  last  result  is 
the  amount  of  soluble  fatty  acids  and  should  be  added  to  the  other 
figures.     Finally  calculate  results  and  report  as  follows  : 

Water. 

Fatty  and  resin  acids. 

Combined  alkali,  Na^jO. 

Free  alkali,  NaOH. 

Alkali  carb.,  NagCO^ 

Alkali  silicate. 

NaCl. 

Na^SO,. 

Mineral  matter. 

Fatty  and  resin  anhydrides. 

Actual  soap. 

Determination  of  Rosin. 

Cladding's  method  for  the  determination  of  rosin  depends  upon 
the  fact  that  silver  resinate  is  quite  soluble  in  (ethyl)  ether,  while 
the  silver  compounds  of  the  fat  acids  (with  a  partial  exception  in 
the  case  of  the  oleate)  are  but  slightly  so.  {Am.  Chem.Jour ,  iii., 
416.)  Dissolve  about  0.5  gramme  of  the  mixed  fat  acids  and 
resin  in  20  c.c#  of  strong  alcohol,  and  add  a  slight  excess  of  soda 
solution,  using  phenolphthalein  as  indicator.  Boil  for  a  few 
minutes  to  insure  complete  saponification,  cool  and  mix  with 
ether  in  a  graduated  cylinder  (stoppered)  making  bulk  up  to  100 
ex.  To  this  solution  add  l  gramme  of  finely  powdered  AgNO,, 
and  shake  well  for  ten  minutes  or  more.  After  settling  draw  off 
50  c.c.  of  the  solution  (filtering  if  necessary)  into  another  cylinder. 
Insure  complete  precipitation  by  again  adding  a  little  powdered 
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AgNOjand  shaking.  Then  add  20  c.c.  of  dilute  HCl  (i  :  2)  to 
deconripose  the  silver  resinate.  Allow  to  settle  and  then  draw  off 
an  aliquot  part  of  the  ethereal  solution  and  evaporate  in  a  tared 
dish.  From  the  weight  of  resin  and  oleic  acid  thus  obtained  de- 
duct 0.00235  gramme  (oleic  acid)  for  every  10  c.c.  of  solution 
taken.     The  remainder  represents  resin. 

Twitchell's   method  for   estimation  of    rosin  in   its  mixtures 
with  fatty  acids.*     When  fatty  acids   are  dissolved  in  absolute 
alcohol  and  treated  with  hydrogen  chloride,  their  ethereal  salts 
are  formed.     Rosin  treated  in  the  same  way  undergoes  no  change. 
On  this  principle  the  author  has  based  his  process,  which  may  be 
conducted  either  gravimetrically  or  volumetrically.     The  gravi- 
metric method  is  carried  out  as  follows :  2  or  3  grams  of  the  mix- 
ture of  fatty  acid  and  rosin  is  dissolved  in  ten  times  its  volume  of 
absolute  alcohol,  and  dry  hydrogen  chloride  is  passed  through  in 
a  moderate  stream,  the  flask  being  placed  in  a  vessel  with  water 
to  keep  it  cool.     The  gas  is  rapidly  absorbed,  and  after  about  45 
minutes  the  ethereal   salts   separate  and  float  on  the  solution. 
After  waiting  for  half  an  hour  longer,  the  liquid  is  diluted  with 
five  times  its  bulk  of  water  and  boiled  until  the  acid  solution  is 
clear,  the  ethereal  salts,  with  rosin  in  solution,  floating  on  top.    To 
this  is  added  some  light  petroleum,  and  the  whole  transferred  to  a 
separating  funnel,  the  flask^being  washed  out  with  light  petroleum. 
The  acid  liquid  is  then  run  off,  and  the  light  petroleum  solution 
Avashed  once  more  with  water  and  then  treated  in  the  funnel  with 
a  solution  of  0.5  gram  of  potassium  hydroxide  and  5  c.c.  of  alco- 
hol in  50  c.c.  of  water.     The  rosin  is  immediately  saponified,  and 
the  two  layers  separate  completely.     The  rosin  soap  solution  can 
then  be  run  off,  and  the  rosin  recovered,  as  usual,  by  the  addition 
of  an  acid.     The  first  stages  of  the  volumetric  method  are  similar 
to  those  of  the  gravimetric,  with  the  exception  that  the  contents 
of  the  flask  are  washed  into  the  separating  funnel  with  ether  in- 
stead of  light  petroleum,  and  the  ethereal  solution  is  then  thor- 
oughly washed  with  water  until  all  soluble  acidity  is  removed.    50 
C.C.  of  neutral  alcohol  is  then  added,  and  the  solution  titrated  with 
standard  solution  of  sodium  hydroxide.     The  test  analyses  are 
satisfactory. 
A  few  explanatory  notes  should  be  added  : 

*  From  /.  Ana/,  and  AppL  Chem.^  5,  379. 
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In  the  case  of  transparent  soaps,  and  possibly  some  others,  the 
loss  by  drying  at  ioo°  C,  though  usually  reckoned  as  water,  may 
be  partly  alcohol.  Drying  at  120*^  will  drive  out  essences  (per- 
fume) as  well  as  water.  To  some  soaps  Carnaiiba  wax  and  vaseline 
or  products  from  petroleum  are  sometimes  added.  The  effect  of 
the  Carnauba  wax  is  to  conceal  the  presence  of  the  petroleum's 
compounds  by  rendering  them  soluble  in  alcohol  or  in  water. 

Qualitative  tests  for  free  alkali  or  alkali  carbonate  in  soap  may 
be  made  by  touching  a  freshly  cut  surface  with  a  drop  of  phenol- 
phthalein  solution  or  of  mercuric  chloride.  The  former  gives  a 
purplish-red  spot,  the  latter  a  brownish  or  reddish  spot  if  either 
are  present.     If  not  the  spot  is  white. 

For  glycerine  Muter's  copper  test  is  frequently  used.  {Afialyst^ 
vol.  1,41.)  It  depends  upon  the  principle  that  glycerine  (in  common 
with  many  other  organic  substances)  will  prevent  the  precipitation 
of  a  certain  proportion  of  cupric  hydrate  by  alkaline  hydrate. 
To  the  aqueous  solution  freed  from  fat  acids  a  strong  solution  of 
potassium  hydrate  is  added,  and  then  dilute  CuSO^  solution  until 
a  fair  amount  of  insoluble  cupric  hydrate  remains  insoluble.  The 
solution  is  made  up  to  a  known  bulk,  well  shaken  and  set  aside  to 
settle  ;  an  aliquot  portion  is  then  drawn  off,  a  very  slight  excess  of 
HNO3  added,  and  then  a  known  volume  of  ammonia,  and  the 
solution  titrated  with  KCy.  The  results  are  compared  with  simi- 
lar results  obtained  on  a  solution  containing  a  weighed  amount  of 
glycerine. 

In  the  examination  of  that  portion  of  the  soap  insoluble  in  alco- 
hol the  titration  of  the  water  solution  therefrom  with  N/,  (or  N/i^) 
acid,  using  methyl  orange  as  indicator,  will  give  the  soda  combined 
as  carbonate,  borate  and  silicate  in  the  soap. 

Transparent  soaps,  sometimes  sold  as  "  glycerine  "  soaps,  may 
contain  much  cane  sugar  and  practically  no  glycerine.  The  cane 
sugar  may  be  determined  by  inversion  with  acid  and  using  the 
Fehling  test.  In  such  cases  the  proportion  of  water  is  usually 
lower  than  with  genuine  glycerine  soaps. 

Gelatin,  if  present  in  soap,  may  be  determined  in  the  portion 
insoluble  in  alcohol,  by  combustion  with  soda  lime,  or  applying 
the  Kjeldahl  method  for  nitrogen. 

In  calculating  the  results  of  the  analysis  it  must  be  remembered 
that  in  the  soap  the  fatty  anhydrides  are  combined  with  sodium, 
whereas  in  the  process  of  analysis  these  are  determined  as  fatty 
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acids  and  soda  respectively.  The  result  is  that  the  sum  of  the  fat 
acid  and  soda  obtainable  from  a  soap  is  two  or  three  per  cent,  more 
than  the  actual  weight  of  the  soap.  To  get  approximately  the 
fatty  anhydrides  the  weight  of  the  fat  acids  is  usually  multiplied 
by  0.97.  It  is  best  to  report  the  percentages  of  both  fat  acids  and 
fatty  anhydrides. 

Table  of  analyses  of  some  American  soaps  made  by  the  author. 

Fresh  water  soaps : 


(X.) 

(a.) 

(3.) 

(4.) 

(5.) 

(6.^          (7.) 

Fats  and  rosin, 

53.87 

66.24 

59.6 

65.7 

69.54 

61.9      70.38 

Free  alkali,    . 

0.36 

Combined  alkali,   . 

6.17 

6.82 

6.05 

6.66 

7.67 

6.62      7.56 

Alkali  carbonate,  . 

2.57 

2.8 

3-5«    o-«7 

Water,    .        .        .    36.33     28.        28.13    26.82    24.55     27.44  16.96 


Nos.  2,  4,  5  are  good,  i,  3  and  6  are  poor. 
Salt  water  soap  : 


Water, 

Combined  alkali, 
Alkali  carbonate, 
Fats  (cocoanut  oil), 


(X.) 

(a.) 

(3.) 

25.5 

53-49 

46.05 

7.84 

5.23 

7.04 

1.36 

4.61 

7.27 

61.25 

34.14 

45.99 

No.  I  is  a  tallow  soap  and  would  not  wash  in  salt  water. 

No.  2  is  a  standard  salt  water  soap. 

No.  3  consists  of  cocoanut  oil  and  tallow. 


PROFESSOR  WILLIAM  G.  PECK. 

"William  Guy  Peck,  born  in  Litchfield,  Ct, October  16,  1820; 
died  in  Greenwich,  Ct.,  February  7,  1892.  For  thirty-five  years 
Professor  in  Columbia  College,  New  York.*'  Such  is  the  tenor 
of  the  inscription  which  Professor  Peck,  whose  heart  was  wrapped 
up  in  Columbia  and  the  work  in  which  he  was  there  engaged, 
desired  to  have  engraved  upon  his  monument. 

William  G.  Peck,  or  Guy  Peck,  as  he  was  known  at  West  Point 
and  by  his  more  familiar  friends,  entered  the  United  States  Mili- 
tary Academy  July  i,  1840.     He  soon  won  a  commanding  posi- 
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tion  among  his  fellows,  which  he  maintained  throughout  his 
cadetship.  He  was  graduated  July  i,  1844,  at  the  head  of  his 
class,  which  contained,  among  others,  Alfred  Pleasanton  and  Win- 
field  S.  Hancock,  afterwards  distinguished  generals  in  the  late 
Civil  War.  On  graduation  he  was  assigned  to  the  Corps  of  Topo- 
graphical Engineers.  During  the  eleven  years  of  his  connection 
with  the  army,  he  assisted  in  the  military  surve>'  of  Portsmouth 
Harbor,  N.  H.,  1844-5,  accompanied  Fremont's  third  exploring 
expedition  through  the  Rocky  Mountains,  1845,  was  attached, 
during  the  war  with  Mexico,  1846-7,  to  the  Army  of  the  West, 
under  Brig.-Gen.  Stephen  Kearney  (who  was  educated  at  Colum- 
bia, but  joined  the  army  for  active  service  in  181 2  and  was  not 
graduated),  and  served  as  Assistant  Professor  of  Mathematics  at 
the  Military  Academy,  1847-55.  He  resigned  from  the  army 
October  2,  1855. 

An  incident  connected  with  the  exploring  expedition  is  worthy 
of  note.  The  party  was  attacked  by  Indians.  Lieutenant  Peck, 
while  directing  operations  in  his  part  of  the  field,  was  holding  his 
handy  in  which  was  a  pistol  ready  for  use,  close  to  his  breast, 
when  a  sharp  blow  nearly  knocked  the  weapon  from  his  grasp. 
Something  fell  at  his  feet,  which,  on  examination,  he  found  to  be 
an  Indian  bullet,  with  the  date  of  manufacture  and  a  part  of  the 
name  of  the  maker  of  his  pistol  embossed  upon  its  flattened  sur- 
face. The  bullet  is  still  preserved  as  the  memorial  of  his  narrow 
escape  from  death  in  battle,  and  is  now  in  the  possession  of  Pro- 
fessor Trowbridge. 

As  with  poets,  so  with  teachers ;  they  are  born,  not  made.  Pro- 
fessor  Peck  was  a  born  teacher.  His  aptitude  and  capacity  in  this 
regard  were  early  recognized  and  availed  of  by  his  Altna  Mater, 
By  far  the  larger  part  of  his  time  in  the  military  service  was  spent 
in  teaching  mathematics  to  the  cadets  at  West  Point,  where  he 
had  among  his  pupils  some  of  those  who  subsequently  did  con- 
spicuous service  in  the  War  of  the  Rebellion,  as  Generals  Slocum, 
Stanton,  Webb,  Warren,  Howard,  Schofield,  Sheridan. 

On  leaving  the  army,  he  became  Professor  of  Physics  and  Civil 
Engineering  in  the  University  of  Michigan,  at  Ann  Arbor,  which 
post  he  resigned  to  become  Adjunct  Professor  of  Mathematics  in 
Columbia,  July  i,  1857.  The  time  at  which  he  came  to  Columbia 
was  an  important  one.  The  College  had,  a  year  or  two  before, 
acquired  the  means  to  extend  itS  operations.     It  added  to  its 
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faculty  several  able  men,  as  Francis  Lieber,  Charles  Murray 
Nairne,  Charles  Davies,  William  G.  Peck.  A  university  course 
of  study  was  projected,  and  Professor  Peck  entered  heartily  into 
the  scheme.  He  volunteered  to  give  courses  in  engineeringr  in  all 
its  branches,  and,  in  the  winter  of  1858,  gave  courses  in  civil  engi- 
neering, ii^  addition  to  his  regular  college  courses  in  mathematics. 
When  the  School  of  Mines  was  opened  in  1864,  he  took  charge 
of  the  department  of  mechanics,  and  remained  at  its  head  till  the 
day  of  his  death ;  he  is  therefore  entitled  to  consideration  as  one 
of  the  original  promoters  of  the  prosperity  of  that  great  school. 
On  the  death  of  Professor  Hackley,  in  1 861,  the  department  of 
astronomy  was  also  entrusted  to  him ;  so  that  his  official  record 
in  Columbia  College  is :  Adjunct  Professor  of  Mathematics,  1857-9 ; 
Professor  of  Mathematics,  1859-61  ;  Professor  of  Mathematics  and 
Astronomy,  1861-92;  Professor  of  Mechanics,  School  of  Mines, 
1864-92. 

He  received  the  degree  of  Master  of  Arts  from  Trinity  College, 
Ct.  in  1853,  and  the  degree  of  Doctor  of  Laws  from  the  same 
institution  in  1 863.  Columbia  made  him  a  Doctor  of  Philosophy 
in  1877.  He  was  the  author  of  numerous  works,  including  a 
mathematical  dictionary,  and  text-books  in  arithmetic,  algebra, 
geometry  and  trigonometry,  differential  and  integral  calculus, 
determinants,  mechanics,  physics,  and  astronomy.  His  works  are 
characterized  by  lucidity,  conciseness  and  directness.  His  teach- 
ing was  distinguished  by  the  same  excellent  qualities.  His  full 
and  exact  knowledge  of  the  subjects  which  he  taught,  his  clear 
exposition  and  illustration  of  them,  his  enthusiasm,  his  solicitude 
for  the  advancement  and  welfare  of  the  students,  the  humor  with 
which  he.  occasionally  illumined  his  lectures,  made  his  room  an 
attractive  one,  and  his  courses  sought  after  and  enjoyed.  It  is 
within  the  personal  knowledge  of  very  many,  perhaps  the  most, 
of  those  by  whom  this  notice  will  be  read,  that  no  professor  in  the 
college  was  more  beloved  than  he. 

In  the  blizzard  of  March,  1888,  Prof.  Peck,  in  attempting  to  get 
to  New  York  from  his  home  in  Greenwich,  suffered  great  hardship 
and  privation,  that  probably  did  him  permanent  injury.  In  the 
winter  of  1 891,  he  had  a  severe  attack  of  the  grip,  from  which  he 
did  not  fullv  recover.  Latterly  and  for  several  years  his  strength 
had  been  failing;  he  had  alternations  of  better  and  poorer  health, 
but  at  no  time  good  health,  and  was  sometimes  at  his  post  when 
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prudence  should  have  kept  bim  at  home.     He  sturdily  discharged 
his  duty,  however,  and  finished  the  mid-winter  examinations  of 
the  present  academic  year.     On  leaving  the  College  after  the  last 
of  his  examinations,  he  thought  he   might  remain   away  long 
enough  to  recuperate. 

He  was  proud,  as  he  might  well  be,  of  his  militarv  training. 
He  undertook  any  responsibility  legitimately  put  upon  him  with- 
out a  murmur ;  he  obeyed  promptly  and  cheerfully  any  order 
issued  by  authority.  He  was  a  soldierly  man.  After  a  consulta- 
tion of  physicians  upon  his  case  a  short  time  ago,  he  was  informed 
that  though  seriously  ill,  he  might  recover  sufficiently  to  go  about 
and  still  enjoy  life.  He  drew  himself  up  and  remarked  to  his 
wife  :  *'  When  General  Brady  was  told  that  he  had  but  a  few  days 
to  live,  he  said,  ^  General  Brady's  knapsack  is  slung  and  he  is 
ready  for  the  march.'  " 

On  the  Friday  before  he  died  he  expressed  a  desire  to  see  Mr. 
Low.  On  Sunday  afternoon,  the  7th  inst,-the  President  went  to 
Greenwich  to  visit  him.  In  the  evening  of  that  day,  at  half-past 
seven  o'clock,  while  conversing  cheerfully  with  Mrs.  Peck  and  the 
President,  he  suddenly  put  his  head  back,  stretched  out  his  hand 
to  his  wife,  and  breathed  his  last     He  was  gone  in  a  moment. 

On  the  Wednesday  following,  a  bright  and  beautiful  day,  dressed 
in  his  academic  robes,  as  he  expressly  desired,  accompanied  by  his 
family  and  his  neighbors,  by  president,  professors,  alumni,  and  stu- 
dents of  Columbia,  he  was  borne  to  the  parish  church  at  Green- 
wich ;  after  the  beautiful  funeral  service  of  the  Episcopal  Church, 
he  was  taken  thence  to  rest  among  his  kindred  in  Litchfield, 
where,  more  than  threescore  and  ten  years  ago,  he  began  his 
long,  honorable,  and  useful  life. 

**  Now  the  laborer's  task  is  o*er ; 

Now  the  battle  day  is  past ; 
Now  upon  the  farther  shore 

Lands  the  voyager  at  last. 
Father,  in  Thy  gracious  keeping 
Leave  we  now  Thy  servant  sleeping." 

Feb.  II,  1892.  J.  H.  Van  Amringe. 

— In  Columbia  Spectator  cf  February  18,  1892. 
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Mineralogy,  by  A.  J.  Moses. 

Adelite,  Sjogren,     ff^Mg^Ca^s^O^^. 

Gray  masses,  H  =  5  ;  C  =  3.76 ;  from  Nordmark  and  Langban. — 
Abstract  in  Amer.  Journ,  Sci.,  xliii.,  246. 

Amphibole  (Grunerite). 

Lane  and  Sharpies  state  that  the  peculiar  colorless  to  slightly  green 
or  brown  amphibole  with  high  silky  lustre,  found  with  certain  iron  ores 
at  I-»ake  Superior,  which  has  been  called  variously  actinolite  and  antho- 
phyllite,  is  a  ferro-magnesian  monoclinic  variety  corresponding  closely 
to  grunerite. — Amer,  Joum,  Sci,^  xlii.,  505,  December,  1891. 

Analcite. 

Effect  of  heat  upon  optical  properties. — C.  Klein,  Neues  /ahrb.f. 
Min.f  1 89 1,  i.,  93. 

ANORTHiTE.yr^w  Japan, 

Anorthite  crystals  are  found  as  a  primary  constitutent  of  the  lava  from 
the  volcano  on  the  Island  of  Miyake,  and  have  also  been  brought  from 
other  islands  of  the  Shichito  group.  The  Miyake  crystals  are  frequently 
found  scattered  over  the  lava  surface,  showing  that  they  were  ejected  from 
the  volcano  as  well  defined  crystals;  they  vary  from  ^  to  1.6  inches 
in  their  longest  direction,  and  are  always  covered  with  a  black  or  red- 
dish colored  thin  spongy  crust  of  lava.  The  interior  of  the  crystals  is 
usually  transparent  and  vitreous,  though  some  specimens  show  a  slight 
decomposition.  Cleavage  is  perfect  parallel  to  OP,  and  less  perfect 
parallel  to  »  f  »  always  showing  twin  striae.  Chrysolite  grains  are 
always  inclosed,  often  arranged  in  distinct  zones,  and  glassy  inclosures 
parallel  to  some  crystal  direction  are  frequent.  Single  crystals  are 
rare ;  penetration  twins,  analogous  to  the  Carlsbad  type  in  Orthoclase, 
twinning  axis  c,  composition  plane  »  f  »  are  frequent.  Twin  lamellae 
of  the  pericline  type,  twinning  axis  b,  occur. 

G.  2.761,     Fusible  with  difficulty  to  a  clear  glass.     Soluble  in  HCl 
with  gelatinous  residue.     Analysis  shows : 

Miyake.  Tonosawa. 

SiO,, 44*03  44.16 

Al,Oj^ 36.80  31.87 

FcjO,, 1.33 

CaO, 19.29  20.90 

MgO, 20  .53 

Na,0 23  .32 

KA .55 

HgO, •      ....        .12  .60 

100.67  100.26 
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The  lava  in  which  they  occur  is  usually  porous,  sometimes  compact. 
The  principal  ingredients  are  anorthite  crystals  and  rounded,  rarely 
crystallized,  olivine  grains  coated  with  hematite;  in  a  ground  mass  of 
micro-crystalline  felspar  and  magnetite  with  some  micro^rystals  of 
apatite  and  a  brownish  glass  of  anorthite,  olivine  and  augite.  The  order 
of  crystallization  was  probably  apatite,  magnetite,  olivine,  anorthite 
and  augite. — Prof.  ILxVxicY^j  Journal  of  ColUge  of  Science^  Imperial  Uni- 
versity, Japan,  vol.  ii.,  pp.  31-47. 

XsTUEMTY,,  Hilledrand  {i  CuSO^,  iCuOH^, 

Found  at  Antler  Mine,  Yuc^a  Station,  Mohave  county,  Arizona, 
massive  light  green.  G  =  3.93. — Bulletin  55,  U.  S.  Geo/.  Surv.,  p. 
54,  1889. 

Aragonite.  ^ 

Gonnard  records  the  faces  found  upon  the  aragonite  crystals  from 
the  tunnel  of  Neussargues,  Cantal. — Bu//,  Soc.  Franc.  Min.y  1891, 
xiv.,  183. 

Beckenkamp's  study  of  Bilin  crystals. — Zeit.f  Kryst.^  xix.,  241-264 ; 
XX.,  163. 

Arsenopyrite. 

Crystalline  form  and  constitution. — Weibull,  Zeit.  f  Kryst.^  xx., 
1-25,  1892. 

AsTOPHiTE,  Sjogren. 

Violet  and  blue  coarsely  crystalline  material  from  Langban,  Swe- 
den; cleavage,  56°  27';  G.,  3.05-3.10. — ^Abstract  in  Amer.  Jour.  Set'., 
March,  1892,  xliii.,  246. 

Atacamite,  of  Chili. 

L.  Darapsky,  Neues  Jahrb.  f.  Min.y  1889,  "•>  '-18. — Abstract 
Zeit.  f  Kryst.,  xx.,  100,  1892. 

Barite. 

Banded  crystals  from  Pettes  Co.,  Mo.— Wheeler  and  Luedeking, 
Amer.  Joum.Sci,,  xlii.,  495,  1891. 

Gonnard  records  the  crystalline  forms  found  at  various  localities  in 
Puy-de-Dorae,  Auvergne. — Bull.  Soc.  Franc.  Min.^  1891,  xiv.,  174. 

Crystals  of  Sugana  Valley  Tyrol. — Zeit.  Kryst.y  xx.,  170  and  176. 

Bertrandite. 

Recorded  from  Mcrcerie.  Commune  of  La  Chapelle-sur-Erdre, 
Loire-Inferieure. — Bull.  Soc.  Franc.  Min.,  1891,  xiv.,  189. 

Beryl. 

Bluish -green  variety,  from  St.  Ilario,  Elba,  described  by  Bussatti, 
Giornale  di  Mineral,  ii.,  278. 

Optical  anomalies  of  Beryl. — Karojitsky,  Zeit.  f  Kryst.^  xix.,  209- 
219,  1891. 
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Bloedite,  cf  Pampa  del  Toro,  Tarafiaeit,  Chili. 

Purest  white  with  numerous  crystal  faces.  Analysis  (mean  of  two) 
showed : 

30,47.79;  MgOii.98;  H,0,  31.60;  Na,0  (by  Diff),  18.53. 

— Zeit.f.  Kryst.u.  Min.,  1891,  xix.,  446. 

BoLEiTE,  Mallard  aid  Ctmenge.     ilPhClOH.  Cu  ClOH]  +  AgCl. 

At  the  copper  region  of  Boleo,  near  Santa  Rosalie,  Lower  Cali- 
fornia, beautiful  indigo  blue  cubic  crystab  and  smaller  crystals  in  octa- 
hedral groups  have  been  found  disseminated  in  a  reddish  or  greenish 
clay-like  gangue  which  overlies  the  copper  deposit. 

The  crystals  are  frequently  implanted  on  anglesite  and  accompanied 
byphosgenile  in  little  prismatic  crystals,  atacamite  and  cerussite. 

Very  remarkable  crystallographic  characters  are  described.    The  usual 


fonn  is  the  cube  modified  in  a  few  instances  by  the  octahedron  and 
rhombic  dodecahedron.    Easy  cubic  cleavage  and  difiicult  octahedral 


cleavage  exist.  Thin  sections  parallel  to  a  cubic  face,  are  found  to  be 
centrally  isotropic  with  a  doubly  refracting  border,  the  smaller  index  of 
refraction  being  in  the  direction  of  the  arrows  (Fig.  i).  A  section  at 
the  cube  surface  is  composed  entirely  of  one  of  these  doubly  refracting 
portions,  but  is  isotropic  in  the  centre,  and.  shows  with  convei^nt  light 
the  rings  and  black  crossof  a  negative  uniaxial  crystal.    A  small  number 
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of  pyramidal  crystals  are  found,  sometimes  isolated  (j'ig.  3),  but  often 
in  groups  of  three,  with  their  principal  axes  at  right  angles  to  each 
other  (Fig.  4).  A  section  of  such  a  group  (Fig.  5)  shows  an  almost 
isotropic  central  portion. 

The  curious  anomalies  are  explained  if  the  mineral  is  assumed  to  be 
tetragonal  and  the  axis  ratio  c  =  0.9873.  The  cube  then  corresponds 
to  three  crystals  inter-penetrating  with  their  quaternary  axes  parallel  to 
the  quaternary  axes  of  the  cube,  and  united  to  each  other  parallel  to 
planes  of  the  pyramid  [on]  i-i,  and  terminated  by  the  basal  plane 
[001]  o.  Less  frequently  there  appears  also  the  pyramid  [021]  2-i- 
Fig.  2  and  the  pyramid,  [053]  f-i.  Fig.  4. 

The  mineral  differs  from  Groth's  formula  for  percylite  only  in  the 
AgCl.  The  name  boleite  is  therefore  only  provisional. — Mallard  and 
Cumenge,  Compte  Rendu  de  V Acad,  des  Sciences^  Oct.  26,  1891,  and 
Bull.  Soc.  Franc,  Min.,  xiv.,  293,  Dec,  1891. 

BouRNONiTE,  of  Nagybdnya. 

A.  Schmidt,  Zeitf.  KrysL^  xx.,  151,  crystallographic  study. 

Calcite. 

Crystals  from  Nieder  Rabenstein,  Saxony.  Beckenkamp. — Zeit.f. 
Kryst^  XX.,  165. 

Crystals  from  various  localities,  ZeU,  f,  Kryst,  xix.,  321,  335,  1891. 
Crystals  of  .Vorarlberg,  Tsckcrmak,  xii.,  171,  Blumrich. 

Cassiterite. 

R.  H.  Solly  describes  the  variety  "  sparable  '*  (sparrow-bill  ?)  tin 
from  Cornwall,  which  occurs  always  in  sharply  pointed  crystals,  with 
the  ditetragonal  pyramid  (3  2  i)  3?*  largely  developed,  with  a  long, 
striated  prism.  The  forms  as  observed  by  various  mineralogists  are 
recorded,  and  crystals  from  many  mines  are  described. — Mineralogical 
Magazine^  ix.,  199-208,  March,  1891. 

Celestite. 

Crystals  of  Scharfenberg,  Saxony,  described  by  J.  Stuber. — Zdt.f* 
KrysL  u.  Mm,,  1891,  xix.,  437. 

Cerussite,  of  Sardinia. 

Summary  of  crystallographic  study  by  Artini. — Zeii,f,  Kryst,,  xix., 
314,  1891. 

Cerussite  of  Auronzo,  similar  study  by  Negri.— /<J/V/.,  319. 

Chabazite  and  Phacolite. 

Optical  structure  and  behavior  when  heated. — C.  Klein,  Neues 
fahrb,/,  Min.y  1891,  i.,  96. 

Chemawintte,  Harrington, 

The  so-called  amber  of  .Cedar  Lake,  North  Saskatchewan,  Canada, 
is  classed  provisionally  by  Harrington  with  the  retinites  because  nearer  to 
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krantzite,  walchowite,  etc.,  than  to  succinite  (true  amber).  Compo- 
sition given  is  :  C,  80.03;  H,  10.47  J  9-50- — Amer.Jaur,  S^t\,  xlii.,  332, 
1891. 

Chloritoid. 

Lane  and  Keller  describe  chloritoid  from  the  Champion  Iron  Mine, 
Michigan,  and  other  localities,  and  reach  the  conclusion  that  "All  the 
Michigan  chloritoids,  as  well  as  the  masonite  (of  Natick,  R.  I.),  a 
chloritoid  from  Pregratten,  one  from  Leeds,  Canada,  and  one  from  the 
Appenines,  appear  to  be  optically  the  same ;  they  have  the  usual  tri- 
chroism  and  are  pronouncedly  triclinic."  All  "contain  constitutional 
alkali."  Ottrelite  from  Ottrez  seems  to  be  optically,  as  well  as  chemi- 
cally, different. — Amer.Jour.  Sd.,  xlii.,  500,  December,  1891. 

Christobaltite. 

LacToix  records  the  second  known  occurrence  of  this  mineral  in  the 
quartzoze  enclosures  of  the  basalt  of  Mayen,  Rhenish  Prussia.  It  is 
associated  with  tridymite. — BulLSoc,  Franc,  Min,^  1891,  xiv.,  185. 

Darapskite,  Dietzey  NaNO^,  Na^O^ + ZT,  O,     Tetragonal. 

Found  in  great  quantity  at  Pampa  del  Toro,  Tarapaca,  Chili. 
Beautiful,  water-clear,  transparent,  tetragonal  plates,  the  sides  of  which 
are  composed  of  several  pyramids,  too  small  to  permit  angle  measure- 
ments. This  is  the  first  crystallized  double  salt  of  NaNO,  and  Na,SO^ 
the  nitroglauberite  of  Schwartzenberg  being  amorphous  4Na,S0^  + 
6NaNO,  +  sHjO.     Analyses  of  the  two  are  as  follows  : 

Darapiikite.  Nitro- 

Dietze.  glauberite. 

N^Oj, 3288  38.31 

SO, 22.26  19.09 

NaA 38-27  36.83 

H,0, 7.30  5-75 

100.71  99.98 

Named  after  Dr.  L.  Darapsky. — Zeit.f,  Kryst  u,  Miriy  1891.,  xix.,  445. 

Diamond. 

Occurrence  in  the  meteorite  of  Cafion  Diablo,  Arizona,  proved 
by  Koen ig. — Amer,  Jour,  Sci, ,  xli  i .,  415,  November,  1 89 1 . 

Elaterite. 

The  so-called  elaterite  of  Kutais,  Russia,  is  by  analysis  C.  51,  H. 
4.60,  O  +  N  34.57,  ash  9.66  8=  100.  Hygro.  water,  7.28,  or  a  dopplerite. 
Pure  elaterite  the  author  considers  to  be  merely  asphalt  n(CH,),  with 
a  little  intermixture  of  oxygen  compounds.  A  specimen  from  Saku- 
pris,  Kutais,  yielded  C.  84.60,  H.  8.19,  O  +  N  4.98,  ash,  2.19  —  100.62. 
— W.  Alexejew,  Zeitf,  Kryst,,  Abstracts,  xx.,  187. 
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EuCAiRiTE,  AgCuSe. 

Found  in  limestone  on  the  western  slopes  of  the  Sierra  de  Umango, 
Province  of  La  Rioja,  Argentina. — Zeitf,  Kryst^  xix.,  265,  1891. 

FOOTEiTE,  Koenigy  ^Cu^^OH)^,  CuCl^  +  /[H^O,     Monociinic, 

Associated  with  the  new  mineral  paramelaconite  from  Copper  Queen 
Mine,  Arizona,  were  small  monociinic  needle  crystals  of  a  beautiful 
indigo-blue  color.  The  usual  faces,  prism,  clino-pinacoid,  clino-dome 
and  pyramid,  give  an  hexagonal  appearance  to  the  crystals.  The  prism- 
angle  is  49^.  In  closed  tube  become  black,  with  brilliant  lustre,  and 
yield  water.  Color  the  flame  blue  and  green.  On  coal  melt  to  a 
white  slag  and  yield  metallic  copper.  Easily  soluble  in  acids.  Analysis 
showed : 

CuO, 637 

CuCl^ 13.5 

H,0, 22.8 

— Zeit,f.  Kryst.y  1891,  xix.,  601. 

Ganophvllite,  Hambergy  Mn^Al^Si^O^^  dHfi,     Monociinic, 

Found  at  Harstig  Mine,  Sweden,  in  brown  monociinic  crystals, 
with  perfect  basal  cleavage.  H.,  4  —  4.5  ;  G.,  2.84. — Amer.  Journ,  Sci.^ 
xlii.,  433»  1891- 

Hematite,  of  Stromboli. 

Crystallization  by  Striiver. — Zeitf.  Krysi,^  xx.,  174. 

HVALOPHANE. 

White  crystalline  material  in  crevices  of  the  Buntsandstein  of  Stein- 
berg, nearWaldau,  corresponded  to  the  barium  feldspar.  Quantitative 
analysis  not  made. — v.  Sandberger,  Neuesjahrbuchf,  Min,,  1891,  i.,  67. 

Ilvaite. 

From  Barclay  Sound,  Vancouver  Island,  B.  C,  in  large,  irregular 
masses  in  a  twenty-foot  wide  vein. — Amor,  Journ,  Sci,^  xlii.,  432. 

Iodochromate,  Dictzcy  TCa  {10^^,  SCaCrO^.     Orthorhombic? 

In  the  vicinity  of  the  lautarite,  in  the  saltpetre  pampas  of  Lautaro, 
Chili,  are  found  small,  imperfectly  formed,  dark-yellow  crystals,  appar- 
ently rhombic  prisms.  Slightly  soluble  in  water,  with  recrystallization 
of  flat  plates  of  Ca  (10,),  -f  6H2O,  while  CaCrO^  remains  in  solution. 
— Zeit.f,  Kryst.y  1891,  xix.,  449. 

Iolite. 

O.  C.  Farrington  concludes,  from  careful  examination  of  excep- 
tionally pure  iolite  from  Guilford,  Conn.,  and  from  re-examination  of 
less  pure  material  from  Haddam,  Conn.,  that  the  iron  is  ferrous  and  the 

— * -$titutional,  and  deduces  the  formula,  H^O,  4(Mg.Fe)0,  4Al,Og, 

inter,  Journ,  Sci,^  xliii.,  13,  January,  1892. 
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Iron. 

Native  iron  is  reported  in  the  virgin  auriferous  gravel  from  the  valley 
of  a  branch  of  the  Ribeira,  Southern  Brazil. 

Jeremejeffite. 

Optical  properties  and  behavior  under  heat  and  pressure. — C.  Klein, 
Naies  Jahrb.f.  Aiin.y  1891,  i.,  84. 

Lautarite,  Dietze^  Ca  {10^^.     Monoclinic, 

Found  in  the  saltpetre  region  of  '*  Pampa  dd  Pique  III./*  and 
other  neighboring  pampas  of  Lautaro,  Chili,  and  also  in  Pampa  Grove, 
Catalina.     It  appears  to  be  limited  to  the  chloride  of  lime  pampas. 

Occurs  in  beautifully  formed  monoclinic  crystals,  often  very  large, 
with  well  developed  prism  faces  and  occasionally  the  basal  plane.  The 
prism  angles  measured  83*^  30'.  The  best  shaped  crystals  are  found  at 
the  greatest  depths,  either  bedded  in  gypsum  or  placed  directly  in  clefts 
in  the  bed  rock  in  radial  star-like  aggregates.  Analysis  showed  I,  64.66 
(mean  of  two)  =  IjOj — 79.96,03014.95.  Lautarite  is  clear,  trans- 
parent, usually  of  a  yellow  color.  G.  4.59  ;  very  slightly  soluble,  easily 
dissolved  by  heating  with  Na^SO^  or  Na^CO,  with  residue  of  CaSO^  or 
CaCOj — Zeit,f.  Kryst,,  1891,  xix.,  447. 

LUZONITE. 

Klockmann  restudies  this  material  on  specimens  .from  Sierra  de 
Famatina,  Argentina,  and  agrees  with  Weisbach  that  it  connects 
Enargite,  Cu^AsS^,  and  Famatinite,  Cu^SbS^,  being  isomorphous  with 
the  latter  and  of  same  composition  as  the  former. — Zeit.f,  Kryst.y  xix., 
272,  1891. 

Magnesioferrite. 

Lacroix  finds  that  certain  octahedral  crystals  from  Rock  of  Cuzeau, 
Mont  Dore,  Puy  de  Dome,  always  called  martite,  are  composed  mainly  of 
inter-crossed,  flattened  crystals  of  hematite ;  the  octahedral  mineral, 
however,  appears  to  have  been  magnesioferrite,  not  magnetite,  as  after 
precipitation  of  all  iron  there  remains  a  considerable  amount  of  mag- 
nesia.— BulL  Soc,  Franc,  Min,,  xv.,  11,  Jan.,  1892. 

Marcasite. 

Intergrowth  with  pyrite,  so  that  each  face  of  the  cube  carries  a 
niarcasitetwin,  the  twin  face  being  perpendicular  to  the  cube  face  and 
parallel  to  the  striations  upon  it,  and  the  vertical  and  one  lateral  axis 
of  the  marcasite  being  parallel  to  two  principal  axes  of  the  cube. — 
Trechmann,  Min,  Mag,,  ix.,  209,  March,  1891. 

Melanophlogite. 

Streng  believes  that  this  curious  silica  contains  sulphide  of  silicon, 
not  sulphuric  acid.  Treated  with  strong  concentrated  HFl,  it  evolved 
H,S,  noticed  by  both  smell  and  lead  paper  reaction.  Whether  it  is  a 
chemical  combination  of  SiO,  and   SiS„  or  a  mechanical  mixture  of 
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SiS,,  surrounded  and  protected  from  the  decomposing  action  of  water 
by  SiO,,  the  author  is  uncertain,  but  inclines  to  the  latter  view. — Neues 
JaHrb,f,  Min,,  1891,  ii.,  211. 

MoRiNiTE,  Lacroix^  Ai^O^.Na^O,  Pfi^y  Hfi?     Monoclinic. 

A  rose-colored  mineral  found  at  Montebras,  France,  often  inti- 
mately mixed  with  amblygonite  and  supposed  to  have  been  formed  from 
it,  has  been  named  morinite  by  Lacroix  after  M.  Morineau,  the  director 
of  the  mine  at  which  it  was  found.  The  material  before  the  blowpipe 
swells  and  melts  to  a  cauliflower-like  mass.  In  the  closed  tube  it  loses 
rapidly  about  13^  per  cent,  of  very  acid  water,  which  attacks  the  glass. 
It  is  soluble  in  acids,  and  the  solutions  react  for  alumina,  soda  and  phos- 
phoric acid.  Microscopic  monoclinic  crystals  were  found. — Lacroix 
Preliminary  Notice,  BuiL  Soc.  Franc,  Min.y  1891,  xiv.,  187. 

Natrolite. 

Crystals  from  Bombiana,  near  Bologne.  Artini. — Z^it,  f.  Kryst,^ 
abstract,  xx.,  172;  natrolite  of  Monte  Baldo,  analysis,  Luzzato. — Ibid.y 

175. 

OCTAHEDRITE. 

Pyramidal  black  metallic  crystals  upon  slate  at  Avon  Slate  Quarries, 
Buckingham  Co.,  Va.  George  H.  Williams,  Amer,  Journ.  Sci.^  xlii., 
431,  1891. 

Orpiment. 

Deposition  from  hot  spring  waters  of  Yellowstone  Park.  W.  H- 
Weed,  Amer,  Journ,  Sa\,  xlii.,  403,  November,  1892. 

Paramelaconite,  Koenig,     CuO,    Tetragonal. 

Foote  brought  from  thfe  Copper  Queen  Mine,  Bisbee,  Arizona,  two 
specimens  which  are  now  in  the  collection  of  C.  S.  Bement,  of  Phila- 
delphia. All  other  sp)ecimens  of  this  material  are  supposed  to  have 
been  smelted . 

The  paramelaconite  specimen  shows  a  sort  of  monolithic  crystal  with 
three  other  smaller  crystals,  the  pyramidal  point  and  base  are  of  a  deep 
black  color  and  adamantine  lustre.  They  rest  upon  a  mass  of  diminu- 
tive needle-like  crystals  (footeite)  of  a  splendid  indigo  blue  color,  and 
a  lustrous  black  or  brownish  ground  mass  of  limonite  and  cuprite. 

The  paramelaconite  is  tetragonal,  greatly  resembling  Brazilian  anatase, 
c=  1.6643. 

H  =  5.  Color  on  crystal  surface  violet  black,  on  fracture  raven  black  ; 
fracture  slightly  conchoidal  streak  deep  black.     G  =  5.833. 

In  O.F.  the  edge  is  rounded,  in  R.F.  easily  fused  leaving  button  of 
copper.     Soluble  in  strong  HCl  easily  to  a  yellow  solution. 

Analysis  showed : 

CuO, 100.68 

Fe.Oj, 064 

10^32 
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Considering  excess  as  oxygen  we  find  : 

CuO 87.66 

Cu,0, 11.70 

FePs, 0.64 

lOO.CX) 

Since  the  tenorite  of  Vesuvius,  the  melaconite  of  Lostwithiel  and  the 
furnace  product  of  Freiberg,  are  all,  according  to  Kalkowsky,  triclinic 
(or  monoclinic),  and  the  Lake  Superior  material  apparently  only  pseu- 
domorphic  isometric  after  cuprite ;  Koenig  proposes  that  the  name  mela- 
conite shall  represent  the  triclinic  CuO,  and  the  name  paramelaconite, 
the  new  tetragonal  form,  and  that  the  name  tenorite  be  dropped. — Zeit. 
f,  Kryst.y  1891,  xix.,  597. 

Painterite. 

A  name  applied  by  Mr.  Jefferis  to  a  bright  golden  yellow  vermicu- 
lite  found  on  the  farm  of  Mr.  James  Painter,  Middletown,  Delaware  Co., 
Pa.,  but  often  applied  to  the  brownish  waxy  matrix  in  which  the  mineral 
is  imbedded. — Amer,  Joum,  Set'.,  xlii.,  247,  1891. 

Penninite. 

Crystallographic  examination  of  kammererite  by  Pirsson. — Amer, 
Journ.  Scij^  xlii.,  408,  November,  1891. 

PlEDMONTITE.  * 

The  manganese  epidote,  piedmontite,  forms  an  essential  component 
of  a  widely  distributed  rock  in  Japan,  and  is  also  an  accessory  compo- 
nent of  a  still  more  plentiful  glaucophane  schist.  The  piedmontite  schist 
is  characterized  by  its  dark  violet  color  and  alternate  layers  of  fine 
parallel  piedmontite  crystals  and  quartz  grains.  The  accessory  minerals 
are  hydrous  mica,  garnet,  rutile,  felspar  and  hematite.  The  glauco- 
phane schist  shows  some  piedmontite,  but  its  place  is  often  taken  by 
ordinary  epidote. 

The  piedmontite  is  generally  pure,  in  elongated  crystals  usually  fis- 
sured or  broken  and  lying  nearly  always  with  the  orthopinacoid  parallel 
to  the  plane  of  schistosity. 

The  rock  is  most  typically  developed  in  the  Island  of  Sikoku,  near 
the  city  of  Tokusima,  but  is  widely  distributed  also  on  the  main  Island 
Honsiu. — Prof.  Koto  in   Quarterly  Journ,   Geolog.  Soc,  August,  1888, 

P-  474. 

POLYDYMITE. 

Material  of  Griineau  mine,  near  Kirchen,  described  by  Laspeyres. 
with  general  discussion  of  composition  of  this  and  of  material  of  Kohlen- 
bach,  near  Eiserfeld,  and  Sudbury,  Ont. — Zeit.f.  Kryst.^  1891,  xix.,  417. 

Pyrophanite,  Hamherg^  Mn  TiO^.     HexagonaL 

Occurs  at  Harstig  Mine,  Sweden,  in  deep  blood-red  rhombohedral 
crystals,  and  is  amorphous  with  hematite  and  menaccanite.  H.,  5  ;  G., 
4.537. — Amer,  Journ,  Sci.y  xlii.,  433. 
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Quartz. 

Study  of  by  A.  Bomer,  Neues  Jahrb.  f,  Min.^  Beil,  Bd.  vii.,  516— 
555?  '^9'  '  crystal  structure  of  pyrogenetic  quartz,  O.  Mugge. — Neu^s 
Jahb.f.  Min,^  1892,  i.,  i-ii. 

Realgar. 

Deposition  from  hot  spring  waters  of  Yellowstone  Park.  — W.  H. 
Weed,  Amer,  Journ.  Sd.,  xlii.,  403,  November,  1891. 

Rhodizite. 

Optical  properties  of  Ural  rhodizite  and  its  behavior  when  heated. 
— C.  Klein,  Neues  Jahrb,  f.  Min.^  ^891,  i.,  97. 

RiEBECKiTE  in  Britain. 

In  micro-granite  at  Island  of  Ailsa  Craig,  in  Firth  of  Clyde. — 
Teall,  Mineralogical Magazine,  ix.,  219,  March,  1891. 

In  quartz  porphyry,  at  Mynydd  Mawr. — Harker,  GeoL  Mag.,  v.,  455, 
1888,  and  Cole,  Mineralogical  Mag,,  ix.,  222-224. 

In  pebble  from  Isle  of  Man. — Last  cit. 

RowLANDiTE,  Hidden, 

A  probable  uni-silicate  of  yttrium  found  with  the  other  Llano  Co., 
Texas,  minerals.  Color  pale  and  drab  green  ;  transparent  in  thin 
splinters;  G.,  4.515.  Alteration  products  are  waxy  brick  red  in  color. 
— Amer,  Journ,  Sci.,  xlii.,  430. 

RuMPFiTE.  Firtsch,  H^Mg^Al^^i^^O^,     Hexagonal  ? 

A  fine,  scaly,  greenish-white  mineral,  with  an  easy  basal  cleavage ; 
translucent  on  edges;  white  streak ;  H  ==  1.5  :  0=2.675.  Infusible 
before  the  blowpipe,  but  made  somewhat  brown.  Yields  water  in 
closed  lube.  Insoluble  in  HCl  and  cone.  H^SO^.  Occurs  in  small, 
apparently  hexagonal  plates,  irregularly  massed  and  bent  like  helminth. 
Optically  uniaxial.  Analysis  yielded  SiO,  30.75,  Al^O,  41.66,  FeO  1.61, 
CaO  0.39,  MgO  12  09,  HjO  13.12  =  100.12. 

P^ound  with  talc  in  dolomite  at  St.  Michael,  Upper  Styria. — Neues 
Jahrb,  f,  Min.,  1891,  i.,  31  Ref. 

SCOLECITE. 

M.  Ferdinand  Gonnard  concludes  that  the  mesotypes  of  Puy-de- 
D6me,  Auvergne,  probably  do  not  include  scolecite,  as  he  can  find  nothing 
corresponding  to  the  analysis  of  Guillemin,  published  Ann,  des  Mines^ 
xii.,  390,  1826. — Bull,  Soc,  Franc,  Min,,  1891,  xiv.,  173. 

SiGTERITE. 

The  angles  observed  on  the  new  feldspar,  sigterite  (R,AljSi,0,o), 
correspond  to  those  of  albite,  and  C.  A.  Tenne  has  proved  the  presence 
in  the  sigterite  of  an  admixture  of  the  well-known  elaeolite  of  Brevig. 
Tenne  shows  also  that  an  admixture  of,  for  example^  f  elaeolite  and  \ 
albite  corresponds  fairly  well  to  the  mean  of  five  of  Rammelsberg's 
sigterite  analyses : — 


« 
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%  ElcoHte, 

M^tan  of 

\i  Albite. 

5  Sigteriie. 

SiOj, 

.          .          .          .          52.87 

49.93 

Al,0,(Fe,0,),  .        . 

29.48 

30.78 

Na,0,       .         . 

14-27 

^l-l^ 

Kp, 

308 

4.24 

CaO, 

0.33 

0.80 

} 


\ 


\ 
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100.03 


99.11 


— Neues,  Jahrb.f.  Min,^  1891,  ii.,  206. 


Sulphur. 


Crystallized  deposits  in  Yellowstone  Park. — W,  H.  Weed,  Amer. 
J&urn,  Set.,  xlii.,  301,  Novenaber,  1891. 

SvABiTE,  Sjogren,  H^OioCaOjAs^Oy     Hexagonal 

From  Harstig  mine,  Paisberg.  In  colorless  prisms,  with  pyramids 
of  first  and  second  order. — Abstract  in  Amer,  Joum.  Sa\,  xliii.,  246. 

TiTANiTE,  of  Zoptau. 

Crystallization,  F.  Becke,  Tsclurmak^ s  Min.  Mith.,  xii.,  169. 

Ullmanite. 

Crystallized  material  from  Landeskrone  Mine,  Wilnsdorf,  near 
Siegen. — Zeit.f.  Kryst.,  1891,  xix.,  424. 

Umangite,  Klockmann,  Cu^e.  CuSe.  or  Cu^^ 

Found  associated  with  the  eucairite  of  Sierra  de  Umango,  Provinces 
of  La  Rioja,  Argentina. 

Crystals  unknown,  forming  compact,  very  finely  granular  masses. 
Cleavage  not  observed  ;  fracture,  fine  granular,  uneven  to  slightly  con- 
choidal ;  brittle  ;  H.  =  3;  G  =  5.62  ;  lustre,  metallic;  opaque.  Color 
on  fresh  fracture,  dark  cherry-red  to  violet,  very  similar  to  freshly 
broken  bornite,  but  noticeably  darker ;  on  surface  dull  and  more  of  a 
violet  blue ;  streak  black.     Alters  to  green,  malachite-like  products. 

In  closed  and  open  tubes  a  sublimate  of  selenium,  on  coal  melts  easily 
and  forms  a  gray  mass,  of  probably  Cu,Se,  which  is  somewhat  mallea- 
ble, and  on  further  treatment  with  soda  yields  easily  a  button  of 
copper. 

Is  found  with  eucairite,  tiemannite  and  calcite  in  limestone. 

Analyses  yielded  Cu  56.03,  Ag  0.49,  Se  41.44,  COjHjO,  etc.,  by 
Dif.  2.04. — F.  Klockmann,  Zeii.f.  Kryst.,  xix.,  269,  1891. 

Uraninite. 

New  analyses  by  Hillebrand. — Amer./ourn.  Sci.,  xlii.,  390,  Novem- 
ber, 1891. 

Uranothorite. 

According  to  Hidden,  a  partial  examination  of  the  Orangeite  of 
Landbo,  Norway,  proves  it  to  belong  to  the  Uranothorite  of  Collier  and 
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the  earthy  brown  (**  thorite  '*)  mineral  with  black  pitch-like  core  from 
the  same  locality  he  believes  to  be  impnre  uranothorite. — Amer^Journ. 
Sd.,  xli.,  440,  1 89 1. 

Vesuvianite. 

Study  of  the  idocrase  occurring  in  the  serpentine  at  Mussa  Alathal 
Piedmont. — ^J.  Struver,  Neues  Jahrb,f,  Min,^  1891,  i.,  25-39. 

ViviANiTE,  of  Tamanj,  Russia. 

Analyzed  by  W.  Tjelouchin,  Zeit^f.  KrysU^  xx.,  183. 

WOLFSBERGITE. 

Crystallized  material  from  Wolfsberg,  Harz. — Zeit^  /.  Kryst,^  xix., 
428. 

WOLLASTONITE. 

Measurement  of  crystals  from  Vesuvius,  with  literature  references. 
— P.  Grosser  in  ZeiLf.  Kryst^  1891,  xix.,  604. 

Miscellaneous  Crystallography,  Etc. 

Constructing  Crystal  Models  by  Plaiting. 

The  faces  lying  in  one  zone  are  drawn  on  card-board  and  the  lines 
partially  cut  through,  and  then  the  zones  are  plaited ;  for  instance,  the 
three  zone  strips  of  the  cube :  i  passes  over  2,  3  passes  over  i,  2  passes 
over  3,  and  so  on.  The  method  gives  rigidity  and  shows  zone  relations. 
— J.  Graham.  Min.  Mag,,  ix.,  235,  March,  1891. 

H.  A.  Miers  recommends  for  attaching  crystals  to  goniometers  a  mix- 
ture of  two  parts,  by  weight,  of  beeswax  fused  with  one  of  pitch. — 
Miner alogical  Magazine,  ix.,  216,  March,  1891. 

References  Mathematical  Crystallography,  Etc. 

Zeii.f,  Kryst.y  xix.,  340-351,  and  xx.,  84-90;  E.  Nickel, 
on  Calculations,  etc. 

Ibid.,  xix.,  352-356,  and  xx.,  143;  v.  Goldschmidt, 
on  Graphic  Methods  of  Measurement  and  Representation. 

Neues./ahrb.f,  Min,,  Beil,  Bd.  vii. ;  B.  Hecht,  on  Cal- 
culation Intercepts  of  Triclinic' Crystal  from  Angles  made 
^  by  Four  Planes,  no  three  of  which  are  in  same  Zone. 

Mineralogy  Mag,,  ix.,  214;  Miers,  on  Student  Goniome- 
ter. 

Neues,  Jahrb.  f,  Min,,  1891,  ii.,  224;  I^hmann,  Im- 
provement in  Crystal  Microscope. 

Ibid.y  Beil,  Bd.  vii.,  497-505  ;  Czapski,  on  New  Micro- 
scope for  Crystal  I  ographic  and  Petrographic  Investiga- 
l^tion. 
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A  Rapid  Method  for  Determination  of  Sulphides,  Arsenides, 
Antimonides  and  Double  Compounds  of  these  Bodies  with 
Metals. 

The  mineral  to  be  tested  is  finely  powdered,  a  small  crucible  of 
platinum  or  porcelain  is  one-fourth  filled  with  coarsely  crushed  ammo- 
nium nitrate  crystals,  and  upon  this  about  one-half  griin  of  the  pow- 
dered mineral  is  placed,  and  the  crucible  held  in  the  flame  of  a  Bunsen 
burner.  Excess  of  ammonium  nitrate  does  no  harm.  During  fusion 
characteristic  colors  may  be  observed.  The  crucible  is  allowed  to  cool, 
the  contents  extracted  with  water,  and  the  solution  separated  from  the 
insoluble  matter.  * 


• 

The  fused  masn. 

The  hot- water  solu- 
tion contained — 

The  insoluble  residue 
contained — 

L5llin£ite,  FeA-s 

Red  hot. 

ASjOjjAs^j. 

AgjSO^. 

AgjSO,. 

Ag,SO/. 

Fe2(S0,),(br'wn) 

Fe. 
As. 

Sb,0„Sb.,Oj 

^-v          6  *    »                  2  •••••••••••• 

Proustite,  Ae.AsS. 

I          D3               9 

Pyiargynte,  AgjSbS, 

Arceniite,  Ag-S 

Pyrite,  FeS, 

• 

FCjOj)  reddish 

brown). 
PbSO^  (white). 

Galenite,  PbS 

Chalcocite,  Cu,S 

Blue  hot,  brown 

cold. 

Brown  cold. 

CuSO^  (blue). 

Bi,(SO,),. 

Ni,Fe,Co,SOj, 

(green). 
CUSO4  (blue). 

CuSO,  (blue). 

Cu,Fe,(Zn)S03, 
(blue). 
AsjO,. 

• 
Blsmuthinite,  BisS, 

Millerite,  NiS 

Fe,Oj  (brown). 

Fe,Oj  (brown). 

PbSO.SbjOj.SbjOg 

SbjCV  (Fe^O,). 

CoO,Fe,0„NiO. 

dalcopyrite,  CuFeS, 

Bournonite,  CuPbSbSj 

Tctrahedite,  CugSb^S^ 

Smaltile,  (CoFeNi)As, 

Reddish  brown. 

Yellowish  green. 

Green  hot,  brown 

cold. 

Pink  hot. 

*■  Addition  of  sulphur  increases  the  amount  of  A£sS04  formed. 

When  As  and  Sb  combine  with  metals  in  absence  of  sulphur,  the 
method  gives  insoluble  oxides  of  the  metals ;  by  adding  sulphur,  the 
metals  are  converted  into  soluble  sulphates. 

If  to  the  melted  mass  containing  oxides,  in  such  a  compound  as 
smaltite,  a  lump  of  ammonium  nitrate  be  added  from  time  to  time,  and 
the  mass  kept  simmering  three  or  four  minutes,  nitrate  of  cobalt  will 
bt;  formed,  which  may  be  leached  out,  leaving  NiO  free  from  cobalt. 

If  sulphur  is  present  with  Co  and  Ni,  fuse  the  mass  in  a  silver  cruci- 
ble with  10  per  cent,  powdered  carbon  and  four  times  its  weight  of 
caustic  soda.  On  leaching,  the  oxides  will  be  left,  which  may  be  sepa- 
rated as  above. — C.  A.  Burghardt,  in  Mineralogical  Mag,^  ix.,  227-234, 
March,  1891.  -^ 
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Metallurgy,  by  Joseph  Struthers. 

Aluminium  —(^Journal  of  the  Franklin  Institute)^  April,  1892. — Dr. 
A.  E.  Hunt,  of  Pittsburgh,  discusses  the  manufacture  and  uses  of  alu- 
minium considered  from  an  engineering  standpoint. 

Antimony.  English  Process  for  Smelting. — (^Journal  of  the  So- 
ciety of  Chemical  Industry^  January  30,  1892). — Mr.  Edward  Rodger, 
after  criticizing  the  various  processes  as  described  in  the  majority  of 
text-books  as  inaccurate  and  obsolete,  gives  the  following  description  of 
the  English  process : 

The  ore  selected  is  stibnite,  with  a  quartz  gangue  yielding  about  52 
percent,  of  metallic  antimony.  It  must  be  free  from  arsenic  and  lead  as 
these  two  metals  cannot  be  eliminated.  The  ore  as  it  arrives  in  England 
is  in  bags,  of  various  sized  pieces,  it  is  ground  under  edge  runners  and 
passed  through  a  coarse  screen  about  one-inch  mesh.  The  greater  bulk 
of  material  passed,  however,  consists  of  fine  particles,  a  sample  of  which 
is  analyzed  to  ascertain  the  quantity  of  iron  necessary  for  complete  re- 
duction. 

The  processes  of  smelting  consist  in  reducing  the  sulphide  of  anti- 
mony by  means  of  metallic  iron,  the  fusion  taking  place  in  crucibles 
which  are  heated  in  a  very  long  reverberatory  furnace. 

The  furnace  consists  of  a  bed  54  feet  long  including  the  fireplaces, 
and  7  feet  4  inches  inside  width,  covered  by  a  low  arch  which  springs 
almost  from  the  surface  of  the  ground.  The  bed  of  the  furnace  being 
below  the  surface.  This  long  gallery  is  heated  by  means  of  a  fireplace 
at  either  end,  the  two  fires  drawing  into  a  common  flue  in  the  middle  of 
the  furnace.  The  flue  is  arranged  below  the  bed  of  the  furnace  and  the 
ports  are  in  the  bed,  this  arrangement  being  to  prevent  the  heat  from 
being  drawn  to  one  side,  as  would  be  liable  to  happen  were  the  flue  to 
start  directly  from  the  side  of  the  furnace.  The  sides  and  top  are  cov- 
ered with  one-inch  cast-iron  plates,  while  a  two-inch  square  malleable 
iron  bar  runs  on  each  side,  the  whole  length  of  the  furnace,  under  the 
upright  binders  which  are  tied  over  the  top  of  the  arch  by  tie-rods. 

The  floor  of  the  furnace-room  is  cover  d  with  cast-iron  plates  extend- 
ing out  from  the  furnace  walls  about  three  feet ;  the  remainder  of  the 
floor  is  paved  with  granite. 

The  fireplaces  are  below  the  ground  level  and  have  suitable  fire-pits. 

Along  the  top  of  the  furnace  are  forty-two  circular  holes,  twenty- one 
on  each  side.  These  holes  are  14  inches  in  diameter  through  which  the 
crucibles  are  raised  and  lowered — the  workmen  standing  on  the  roof  of 
the  furnace  while  handling  the  crucibles.  In  addition  to  these  **  pot- 
holes *'  are  two  holes  in  the  furnace  roof  at  each  end  of  the  bed,  4  inches 
in  diameter,  and  used  for  cleaning  clinkers,  etc.,  from  the  ends  of  the 
bed.  Each  pot-hole  is  provided  with  a  circular  fire-clay  cover,  clamped 
around  with  an  iron  ring,  which  serves  to  protect  the  covers,  holding  the 
pieces  together  when  they  split. 

The  crucibles  are  20  inches  high  and  11  inches  outside  diameter  at 
the  mouth,  and  are  constructed  of  fire-clay  and  plumbago.  The  clay 
used  is  either  Stourbridge  or  Hexam,  and  the  plumbago  must  be  free  from 
iron,  whatever  its  source. 

Below  are  analyses  of  the  two  clays  referred  to  : 
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Stourbridge.  Hexam. 

H,0 7.00  744 

SiC), 69.00  59.05 

AI,0„ 2200  25.61 

FeO *     .        .        .         1.50  2  20 

*MgO, 0.54  075 

CaO, 0.49  0.88 

K,0 0.41  1.97 

Na,0, 0.18  0.28 

*  ^^Of        *  ■••■■•••  ■•■•••  *3i3 

IOI.I2  9971 

The  crucibles  weigh  42  lbs.  dry  and  consist  of  35^  lbs.  dry  clay  and 
6j^  lbs.  plumbago.  They  are  made  in  the  usual  manner  by  hand,  cost- 
ing about  2S.  6d.  and  are  dried  first  by  steam  and  then  by  the  waste 
heat  from  the  antimony  furnace  after  which  they  are  heated  to  redness 
in  a  kiln  before  introducing  into  the  furnace. 

The  kilns  used  for  this  purpose  are  simple,  upright  chambers,  with  a 
high  door  in  front  and  a  chimney  at  the  top.  Below  is  a  fireplace  over 
which  is  built  a  low  arch,  whose  top  is  levelled  by  means  of  fire-clay 
covers  and  is  pierced  with  a  number  of  pigeon-holes,  to  provide  for  the 
passage  of  the  flame  to  the  upper  chamber.  The  crucibles  are  placed 
on  the  floor,  leaving  the  holes  clear,  and  when  the  chamber  is  full  the 
door  is  closed  and  luted  ;  a  gentle  fire  made,  which  is  cautiously  aug- 
mented until  the  crucibles  are  a  cherry-red  heat,  at  which  temperature 
they  are  kept  until  required,  when  they  are  withdrawn  as  needed. 

The  use  of  the  48  holes  in  the  furnace  is  as  follows  :  The  pair  of  cru- 
cibles nearest  the  fireplaces  at  each  end  of  the  furnace  are  used  for 
'*  starring,"  or  refining  the  crude  metal,  while  the  remaining  holes  are 
divided  as  is  found  suitable  for  first  and  second  meltings  of  the  crude 
metal. 

The  charge  for  each  crucible  consists  of : 

Pounds. 

Ground  ore, 42 

Wrought  iron  scrap, 16 

Common  salt,  ..........  4 

Skimmings,  or  impure  slag, I 

• 

The  amounts,  of  course,  will  vary.  Those  given  are  for  a  52  per 
cent.  ore. 

The  scrap-iron  used  must  be  wrought  and  not  cast.  Tinned  scrap  is 
preferable  on  account  of  the  small  trace  of  tin  whitening  the  resulting 
antimony.  Part  of  this  scrap  is  beaten  up  into  a  round  ball  large  enough 
to  loosely  fit  the  top  of  the  crucible  ;  the  weight  of  this  ball  is  about 
13  pounds.  The  balance  of  the  scrap  is  added  in  the  form  of  turnings 
or  borings  and  mixed  together  with  the  salt  through  the  ore.  This 
mixture  is  dropped  into  the  crucible  through  an  iron  funnel,  the  lump 
of  beaten  scrap  being  thrown  in  last  of  all,  so  as  to  form  a  sort  oV  lid. 
The  furnace  hole  is  then  closed  with  its  cover  for  about  half  an  hour, 
when  the  crucible  is  again  examined.  In  the  meantime  a  fresh  charge 
is  weighed  out  ready  for  the  crucible  the  moment  it  is  empty.  As  the 
charge  melts  the  ball  on  top  falls  down  and  is  gradually  absorbed,  the 
iron  reducing  the  antimony  to  Jhe  metallic  state  and  being  converted 
into  sulphide. 
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The  salt  assists  the  separation  of  the  slag  and  tends  to  promote  the 
fusion  of  the  siliceous  matters  of  the  ore.  The  workman  examines  the 
crucible  from  time  to  time  to  ascertain  whether  the  fusion  is  taking  place 
properly  and  presses  down  the  ball  of  scrap  on  the  top  with  a  bar  of  iron. 
The  length  of  time  required  for  fusion  and  decomjxjsition  varies  with 
the  position  occupied  by  the  crucible,  those  far  from  the  fire  requiring  a 
longer  time  than  those  close  to  it,  but,  as  a  rule,  about  four  meltings  are 
made  with  each  crucible  per  twelve  hours,  making  allowance  for  charg- 
ing and  occasional  changing  of  crucibles,  etc.,  a  little  less  than  three 
hours  may  be  taken  as  the  average  length  of  time  for  a  melt.  In  this 
connection  must  be  remembered  that  the  richer  the  ore  the  shorter  the 
time  to  melt  it.  Opposite  to  each  crucible,  except  those  used  for  final 
refining,  is  placed  a  conical  cast-iron  mould  which  stands  close  by  the 
furnace  side ;  it  is  large  enough  to  hold  the  contents  of  the  crucible,  and 
i^  furnished  with  a  cast-iron  lid.  The  fusion  being  complete  the  cruci- 
ble is  withdrawn,  balanced  on  the  furnace  wall,  and  the  contents  poured 
into  the  mould.  The  mould  has  a  circular  hole  in  the  bottom  three- 
quarters  of  an  inch  in  diameter ;  its  object  is  to  facilitate  removal  of 
metal  when  solid  by  means  of  a  hammer  and  punch.  The  first  portions 
of  the  metal  poured  into  the  mould  chills  and  prevents  any  escape  of  the 
fluid  metal.  After  casting,  the  crucible  is  examined,  scraped  out  if 
necessary,  replaced  and  recharged  at  once.  When  the  mass  is  re- 
moved from  the  mould,  the  reduced  antimony  which  collects  at  the 
bottom,  is  knocked  away  from  the  slag,  which  slag,  if  the  fusion  is  con- 
ducted carefully,  should  be  clean  enough  to  be  rejected. 

The  metal  obtained  in  this  manner  is  called  "  singles."  The  follow- 
ing is  the  analysis : 

Antimony, 91.63 

Iron 7.23 

Sulphur, 0.82 

Insol.  matter,     .         .         .         .         .         .        .         .         .  *      

99.68 

The  large  quantity  of  iron  shown  in  the  analysis  is  due  to  the  excess 
of  iron  which  is  necessary  to  reduce  the  whole  qf  the  antimony  in  the 
ore,  and  the  next  operation  consists  in  removing  this  excess  of  iron  and 
is  called  ''purifying.**  It  is  accomplished  by  melting  the  "singles" 
with  a  small  quantity  of  pure  sulphide  of  antimony  which  has  been  lig- 
nated  from  the  ore  for  this  purpose.  The  charge  for  the  second  fusion 
consists  of: 

Pounds. 

*'  Singles,"  broken  in  small  pieces, 84 

Liquated  sulphide  of  antimony, 7  to  8 

Salt  as  flux, 4 

Kelp  salt  is  sometimes  used  as  flux  and  is  found  to  be  very  suitable. 

The  reaction  in  this  fusion  is  similar  to  that  in  the  last  operation,  the 
excess  of  iron  in  the  metal  reducing  the  pure  sulphide  of  antimony  to 
the  metallic  state  and  being  itself  transformed  into  sulphide  of  iron. 
The  fusion  is  narrowly  watched,  great  care  being  taken  that  the  metal 
and  the  sulphide  of  antimony  are  thoroughly  mixed  ;  when  the  fusion  is 
complete  the  fused  mass  is  carefully  skimmed  with  a  cast-iron  ladle 
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placed  on  a  long  shaft  and  poured  into  the  moulds.  This  metal  is  known 
as  **star  bowls,'*  each  fusion  yielding  a  lump  of  about  eighty  pounds. 
The  skimmings  from  this  op>eration  go  to  the  previous  one,  as  mentioned. 
An  analysis  of  this  **star  bowl "  metal  yielded  : 

Antimony, 99*53 

Iron, o.ia 

Sulphur, o.l6 

99.87 

The  surface  of, this  metal  is  covered  with  tiny  bright  specks  due  to 
the  presence  of  sulphur,  and  is  called  **  floured  *'  metal ;  in  order  to 
remove  this  sulphur  and  finally  to  purify  this  metal  another  melting  is 
required.  The  custom  of  the  trade  is  that  antimony  shall  be  sold  in 
flat  ingots,  each  ingot  being  **  starred '*  or  crystallized  on  the  upper 
surface,  and  in  order  to  obtain  this  crystallized  appearance  it  is  neces- 
sary to  melt  the  metal  with  what  is  known  as  ''antimony  flux,''  a  flux 
difBcult  to  prepare  but  when  once  prepared  easily  kept  in  order. 

The  process  of  making  this  flux  is  a  rule  of  thumb  one,  mixing 
about  three  parts  of  American  potash  to  two  parts  of  ground  liquated 
antimony  sulphide  and  melting  in  the  furnace.  When  the  mixture  is 
complete  and  the  fusion  quiet  it  is  tried  on  a  small  scale  in  order  to  see 
whether  it  yields  a  good  *'  star  "  or  not ;  if  it  does  so  the  ingot  of  metal 
is  broken  and  examined  for  sulphur,  if  the  metal  is  free  from  sulphur  the 

)^  flux  is  considered  satisfactory  and  may  be  put  in  use,  but  otherwise  the 

flux  is  remelted  and  more  of  one  ingredient  or  the  other  is  added  as 
experience  dictates ;  the  forming  of  a  satisfactory  flux  is  a  matter  of 
some  diflficulty  and  one  in  which  experience  is  the  only  guide. 

The  process  of  reflning  and  starring  the  star  bowls  is  as  follows ;  The 
cold  Jumps  of  metal  from  the  moulds  are  carried  from  the  furnace  house 
to  an  adjacent  room  where  they  are  thoroughly  cleansed  from  the  adher- 
ing skin  of  slag  by  chipping  with  sharp  hammers,  this  part  of  the  work 
being  sometimes  done  by  women  who  acquire  great  expertness  in  remov- 
ing the  slag.  Great  care  must  be  taken  to  have  every  particle  of  slag 
removed,  as  the  presence  of  the  smallest  amount  completely  ruins  the 
appearance  of  the  ingots  rendering  them  dull  and  lustreless. 

p  The  ^lag  chippings  are  returned  to  the  second  melting.     The  star 

bowls  having  been  cleaned  they  are  broken  small  and  a  charge  weighed 

[  out  for  refining,  the  charge  being  84  pounds  with  sufficient  flux  to  sur- 

round the  ingots  completely,  the  amount  of  flux  varying  with  shape  and 
thickness  of  the  ingots,  for  ordinary  ingots  about  8  pounds  are  used. 
The  melting  takes  place  in  the  crucibles  next  the  fireplace  where  the 
fusion  will  be  the  most  rapid.     The  charge  of  metal  is  thrown  into  the 

j  crucible  and  closely  watched  ;  as  soon  as  the  metal  begins  to  melt  the 

flux  is  added.  When  the  fusion  is  complete  the  mixture  is  stirred  around 
once  with  an  iron  rod  and  then  poured.  The  ingot  moulds  are  placed 
side  by  side,  having  between  them  a  wedge-shaped  frame  called  a  '*  sad- 
dle," the  edge  of  which  points  upward,  and  upon  which  the  charge  is 
poured  dividing  the  stream  one-half  going  into  each  mould.  These 
moulds  are  left  to  cool  undisturbed,  and  as  they  cool  the  flux  which 
covers  the  surface  cracks  and  when  quite  cold  can  easily  be  knocked  off". 
The  flux  is  used  over  and  over  again,  a  piece  of  carbonate  of  potash 


2/2  THE  QUARTERLY. 

being  added  each  time  it  is  used  ;  in  this  way  the  amount  of  flux  keeps 
increasing,  besides  the  potash  some  antimony  and  sulphur  is  taken  up  at 
each  fusion. 

The  ingots  must  be  completely  surrounded  by  flux,  a  thin  layer  being 
between  the  mould  and  the  metal,  and  the  entire  surface  of  the  ingot 
covered  to  the  depth  of  about  a  quarter  of  an  inch.  Under  these  cir- 
cumstances the  metal  should  always  give  a  good  star  and  preserve  a  good 
color.  The  traces  of  flux  which  adhere  are  removed  by  washing  in 
warm  water  with  the  assistance  of  a  little  sharp  sand.  A  great  deal  of 
volatization  takes  place  from  the  melted  metal  in  the  pots,  the  fumes 
produced  are  condensed  in  the  furnace  flues,  which  arp  built  in  a  wind- 
ing manner,  passing  back  and  forth  under  the  floor  of  the  crucible  dry- 
ing stores,  the  heat  of  the  fumes  serving  to  dry  the  crucibles  and  the 
cooling  effect  of  the  crucibles  serving  to  condense  the  volatile  material 
in  the  fumes.  The  total  amount  of  fume  produced  varies  greatly ;  the 
richer  the  ore  the  less  fume  there  is  in  proportion  to  the  antimony  pro- 
duced, although  the  absolute  amount  of  fume  is  greater  than  when  a 
poor  ore  is  worked.  About  lo  per  cent,  of  the  total  antimony  contents 
of  the  ore  is  volatilized,  a  greater  part  of  which  is  condensed  in  properly 
constructed  flues.  The  fume  is  a  whitish  body,  heavy  and  rather  cry- 
stalline, not  unlike  white  arsenic  in  appearance,  but  more  of  a  grayish 
color  due  to  presence  of  soot,  it  contains  about  70  per  cent,  of  anti- 
mony. Its  treatment  is  as  follows :  A  test  experiment  is  made  to  ascer- 
tain the  amount  of  carbon,  as  coke,  or  anthracite,  necessary  to  reduce 
all  the  antimony  present.  This  having  been  found  it  is  mixed  with  the 
fume  under  edge-runners  and  a  few  pounds  of  the  mixture  added  to 
each  charge  of  the  ore  and  iron  in  the  fusion  for  singles.  The  gases 
given  off  from  the  smelting  of  the  fume  sometimes  cause  the  contents 
of  the  crucibles  to  boil  and  overflow,  but  beyond  the  mechanical  diffi- 
culties there  is  no  great  trouble  in  treating  it.  The  ingots,  known  in 
the  trade  as  *'  French  metal,'*  after  being  wrapped  in  straw  are  packed 
in  kegs  holding  about  six  hundredweight  net,  the  size  of  these  kegs  is 
about  that  of  an  ordinary  butter  flrkin. 

The  value  of  any  sample  of  antimony  is  judged  not  by  analysis  but 
by  its  appearance,  and  a  good  sample  should  exhibit  the  following  char- 
acteristics: The  star  should  be  bold  and  defined,  standing  well  up  on 
the  metal,  the  edges  of  the  ridges  sharp  and  straight.  The  metal  itself 
should  be  lustrous  and  white,  not  dull  and  lead  looking.  Lastly,  and 
most  important,  on  breaking  the  ingot  the  crystals  should  be  large  and 
their  surfaces  free  from  specks,  these  specks,  as  mentioned  before,  indi- 
cating the  presence  of  sulphur. 

A  discussion  of  this  paper  by  the  Society  brought  forth  the  point  of 
the  great  expense  of  crucibles  both  in  cost  of  manufacture  and  the 
amount  of  lost  heat  in  the  furnace,  as  the  area  covered  by  the  crucible 
is  comparatively  very  small.  The  question  was  raised  as  to  the  use  of 
some  other  form  of  furnace,  such  as  a  water  jacketed  blast  furnace.  Mr. 
Rodger  stated  he  believes  such  a  furnace  was  in  use,  but  the  object  aimed 
at  being  the  production  of  jnuch  fume  from  poor  ores,  this  being  con- 
densed, was  afterwards  reduced  with  carbon.  He  also  mentions  that  a 
reverberatory  furnace  had  been  tried,  but  was  unsuccessful. 

Bearing  Metal  Alloys. — {The  Journal  of  the  Franklin  Institute^ 
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February,  1892,  pp.  81-93,  and  March,  1892,  pp.  161-172.) — C.  B. 
Dudley,  Ph.D.,  states  the  requirements  of  a  good  b.*aring  metal,  giving 
analyses  of  more  than  twenty  different  alloys  used  for  this  purpose,  and 
description  of  the  comparative  tests  made  to  determine  the  value  of  the 
different  alloys.  Also  the  experiments  made  from  which  the  different 
metals  were  calculated  to  produce  the  standard  bearing  now  in  use  on 
the  Pennsylvania  Railroad. 

Fuel.  Movable  Coke  Ovens. — ( American  Manufaittirer,  for 
March  19,  1892,)  describes  and  illustrates  the  movable  coke  oven  pat- 
ented by  Hugh  Kennedy  and  in  use  at  the  Isabella  Coke  Works,  Coke- 
ion,  Pa.  The  special  features  of  the  coke  oven  is  its  construction,  be- 
ing of  sheet-iron,  cylindrical,  lined  with  bricks  and  mounted  on  wheels 
which  admits  of  removal  from  its  foundation.  The  action  of  the  oven 
is  as  follows  ; 

When  ready  to  discharge,  a  small  travelling  car  is  run  back  of  the 
oven  and  by  means  of  a  small  engine  the  oven  is  pushed  off  its  bed, 
carrying  the  coke  with  it,  which  drops  piece  by  piece  into  the  pit  in 
front  of  the  foundation,  where  it  can  be  thoroughly  watered  and  handled. 
The  oven  is  drawn  back  on  its  foundation  as  hot  as  when  started  and  re- 
charged with  coal,  which  starts  to  burn  the  moment  it  touches  the  bottom. 

The  advantages  claimed  are  :  The  saving  of  heat  as  the  oven  is  not 
cooled  down  during  removal ;  the  lengthening  of  life  of  brick  work  as 
the  temperature  is  constant,  and  the  avoiding  the  use  of  scrapers  and 
bars  in  removal.  There  is  a  device  for  handling  and  screening  the  coke 
which  increases  the  value  of  this  system  by  doing  away  with  a  great  deal 
of  labor  required  in  the  present  style  of  ovens  ;  the  arrangement  is.  to 
have  for  each  oven  two  walls  extending  beyond  the  main  foundation, 
carrying  the  rails  upon  which  the  oven  moves ;  between  these  walls 
and  directly  under  the  oven  when  run  out,  is  a  30°  chute  extending 
from  the  oven  foundation  to  the  outer  edge  of  the  wing  walls.  The 
upper  and  of  the  chute  is  formed  by  a  screen  3)^  feet  wide  and  running 
the  full  length  of  the  oven.  As  the  coke  drops  from  the  oven  it  passes 
ovQr  the  screen,  the  fine  coke  and  dust  passing  through  and  being  de- 
posited in  a  car  beneath,  the  coarse  coke  collecting  at  the  lower  end  of 
inclined  chute.  Four  illustrations  accompany  the  article,  showing  the 
action  of  this  oven. 

Coke.  The  Semet-Solvay  Coke  Oven  with  Recovery  of  Bi- 
^VLODVorrs.— {American  Manufacturer  and  Iron  Worlds  February  19, 
1892.) — Ch.  Demanet,  C.E.,  describes  the  improved  system  now  in  use 
by  the  "  Bois-du-Luc ''  Company  at  the  Havre  Colliery,  giving  illus- 
traMons  of  plan  of  works  and  sections  of  ovens.  A  discussion  of  the 
working  and  economy  of  these  ovens  is  also  given. 

Blast-Furnace  Practice  —  Graphic  Method  for  Calculating 
Blast-^^'urnace  Charges  or  **  Burdens"  {^fron  and  Steel  Institute , 
1891.) — The  calculation  of  the  respective  amounts  of  the  components 
of  a  furnace  charge  or  "  burden  "  is,  although  very  simple,  a  somewhat 
tedious  affair,  and  a  method  for*faciIitating  the  computations  has  been 
devised  by  H.  C.  Jenkins,  using  a  slide  rule. 

The  rule  consists  of  two  equal  scales  at  right  angles,  one  of  which  {a) 
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is  fixed  to  a  small  board,  whilst  the  other  (^)  is  fixed  at  right  angles  to  j: 
upon  a  block  (r),  which  is  capable  of  sliding  motion  in  a  groove  paral- 
lel to  a. 

The  point  A^  given  by  the  intersection  of  the  zeros  of  the  scales,  is 
marked  upon  the  board,  and  from  it  a  line  AB  parallel  to  the  groove  is 
drawn.  With  -*4  as  a  centre,  lines  AC,  AD,  AE  are  also  drawn,  mak- 
ing, with  AB,  angles  whose  tangents  are  equal  to  the  ratios  between 
the  weight  of  the  silica  to  weight  of  base  in  the  respective  silicates 
which  it  is  desirable  to  produce  in  order  to  form  the  typical  fusible  slags 
ordinarily  met  with  in  blast-furnace  practice. 
^  The  lines  AC,  AD,  AE  are  marked  with  the  names  of  the  bases  for 


which  they  have  been  calculated.  Thus  ^C  makes  an  angle  of  28®  10' 
with  AB — this  angle  having  a  tangent  whose  value  is  0.5357,  which  is 
the  ratio  of  the  atomic  weight  of  silica  to  twice  the  atomic  weight  of 
lime,  and  corresponds  to  calcium  silicate  ]  this  line,  therefore,  is  marked 
•*Lime.'' 

Similarly  the  line  AD  makes  an  angle  of  36**  52' with  AB,  the  value 
of  whose  tangent  is  is  0.75,  or  the  ratio  of  the  atomic  weight  of  SiO, 
to  the  atomic  weight  of  2  MgO ;  hence  it  is  marked  '*  Magnesia."  Also 
the  line  AE  is  at  an  angle  of  41°  25',  and  this  having  a  tangent  corre- 
sponding to  the  ratio  of  the  atomic  weight  of  3SiOj  to  that  of  2A1,0, 
makes  the  line  correspond  to  the  value  of  the  component  parts  of  silica 
and  of  alumina  in  aluminium  silicate,  and  so  it  is  marked  *' Alumina." 
With  such  a  scale  it  is  a  very  simple  martter  to  at  once  read  off  either  the 
excess  of  silica  in  any  ore,  or  else  the  amount  required  to  properly  flux 
off  the  earthy  bases  present. 
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As  an  exumple,  let  us  take  an  ore  containing 


FeO  50, 
MgO    3, 

CaO  S, 
A1,0,  3, 
SiO,     3, 


Silica 
required. 


2.25 

2.68 
2.65 


CO,    36. 

Then  setting  the  movable  scale  b  against  3  on  the  fixed  scale  a^  and 
looking  along  b  until  the  line  marked  ''  Magnesia  "  cuts  it,  we  find  the 
value  2.25  as  being  the  amount  of  silica  required  to  satisfy  the  mag- 
nesia. 

In  like  manner  we  find  the  amount  (2.68)  of  silica  required  for  the 
lime,  and  the  amount  (2.65)  for  the  alumina  respectively;  adding  all  these 
together  we  find  a  total  of  7.58  parts  of  silica  required  for  every  hun- 
dred of  the  ore.  But  as  there  are  already  three  parts  present,  every  hun- 
dred parts  of  the  ore  require  7.58 — 3=4.58  parts  of  silica  to  flux  it. 

Due  allowance  is  also  made  for  the  ash  of  the  coke,  and  any  small 
quantity  of  sulphur  occurring  in  the  mixture. 

In  the  treatment  of  several  kinds  of  ores  to  be  smelted  together  they 
should  be  mixed  and  divided  into  three  classes :  One  having  Uss  and 
and  another  more  iron  than  is  required  in  the  final  charge,  and  one 
should  be  acid  3LT\d  another  basic  after  the  correction  for  the  ash  of  the 
coke  is  make,  or  one  of  these  three  may  be  a  limestone  or  a  siliceous 
flux ;  it  need  not  necessarily  contain  iron.  Then  let  it  be  required  to 
have  n  parts  of  iron  per  hundred  of  the  charge,  and  let  a^  a,  a,  be  the 
percentages  of  iron  in  the  ores,  and  bj  b,  b,  percentages  of  deficiency 
(or  excess)  of  silica  in  the  same,  and  x,  y,  z  the  number  of  parts  re- 
quired of  the  component  ores  per  hundred  of  the  charge. 

FeO        SiO, 

X  (a,  +  b,) 
y  (a, +  b,) 
X     (a,±b,) 


then 


(1) 
(2) 

(3) 


X  -f  y  +  z  =  100 
xa^+ya,+za,  _  ^ 


100 


xbj  —  yb,  =b  zbj  =  O. 


by  sohing  these  simple  equations  we  have  at  once  the  number  of  parts 
of  each  component  required  to  satisfy  the  conditions  of  the  charge. 

If  it  is  desired  to  produce  a  more  acid  or  a  more  basic  slag,  it  only 
requires  that  the  scale  b  be  replaced  by  one  having  a  length  of  one- 
haif  (for  bi-silicate  slag),  or  twice  (for  bi-basic  slag)  that  of  the  normal 
scale. 

Copper.  Electrolytic  Extraction. — {The  Engineering  and  Mining 
Journal^  March  19,  1892,)  gives  a  description  of  the  Siemen's  electro- 
lytic process  for  the  extraction  of  copper  from  its  ores  as  carried  on  at 
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the  works  of  Siemens  &  Halske,  at  Martini  Kenifelde -Berlin.  This 
process  has  been  in  continuous  operation  since  June,  1890,  on  various 
kinds  of  copper  ores. 

The  electrolytic  extraction  of  copper  from  its  ores  has  hitherto  been 
employed  by  the  use  of  impure  copper  or  copper  matte  as  anodes  from 
which  the  copper  was  dissolved  and  deposited  galvanically  at  the  cathode. 
Only  a  part  of  the  current  is  utilized,  however,  for  dissolving  the  cop- 
per, the  solution  soon  becoming  poor  and  requiring  replacement  by  a 
new  solution  the  formation  of  which  from  the  ores  is  attended  with 
trouble  and  expense.  Moreover,  the  uses  of  copper  matte  for  the 
anodes  required  a  previous  smelting  of  the  roasted  ore,  and  the  plates 
when  once  cast  interfering  with  the  process  by  falling  to  pieces  before 
entirely  dissolving.  Soluble  anodes  are,  however,  necessary  in  the  or- 
dinary electrolytic  process,  because  the  use  of  insoluble  anodes  leads  to 
strong  polarization,  which  greatly  reduces  the  efficiency  of  the  current. 
In  the  Siemens  method  this  difficulty  is  overcome  by  adding  to  the  de- 
composing copper-carrying  solution  another  solution,  which  takes  up 
the  oxygen  set  free  at  the  insoluble  anode  and  lessens  the  polarization. 
For  such  a  deoxidixing  solution  ferrous  sulphate  is  used  which  is  changed 
by  the  oxygen  set  free  at  the  anode  into  ferric  sulphate,  a  lixiviant  for 
the  copper  in  the  ore  is  thus  obtained,  as  the  ferric  sulphate  dissolves 
metallic  copper  as  well  as  the  sulphides  of  copper.  Instead  of  the  iron 
sulphates,  the  chlorides,  ferrous  and  ferric,  were  formerly  used  with 
similar  results,  but  abandoned  on  account  of  practical  difficulties.  Dr. 
Hopfner*s  method  differs  from  the  Siemens*  by  the  use  of  cuprous  and 
cupric  chlorides  instead  of  iron  salts  and  a  different  construction  of  ap- 
paratus. The  electrolyte  used  in  the  Siemens  method  consists  of  a  so- 
lution of  ferrous  and  cupric  sulphates,  with  the  addition  of  some  free 
sulphuric  acid  to  increase  its  conductivity.  This  liquid  is  continually 
added  to  the  cathode  chamber,  where  a  portion  of  the  copper  is  deposited 
by  the  electric  current,  after  which  the  liquid  passes  down  into  the  anode 
chamber  and  is  finally  drawn  off  at  the  bottom  of  the  latter. 

During  this  passage  downward  the  ferrous  sulphate  is  changed  into 
basic  ferric  sulphate,  then  by  the  action  of  the  free  sulphuric  acid  com- 
ing from  the  decomposition  of  the  cupric  sulphate,  which  by  its  greater 
specific  gravity  sinks  down  to  the  carbon  rods  or  plates,  which  compose 
the  anode.  The  liquor  drawn  off  has  thus  become  poor  in  copper  and 
consists  of  a  solution  of  neutral  ferric  sulphate.  This  solution  has  the 
property  of  converting  cuprous  and  cupric  sulphides  as  well  as  metallic 
copper  into  cupric  sulphate.  The  ferric  sulphale  is  thereby  reconverted 
into  ferrous  sulphate,  while  the  oxygen  set  free  oxidizes  the  copper.* 
The  oxidation  and  solution  of  the  copper  can  be  completely  carried  out 
with  many  finely  pulverized  sulphide  ores,  even  in  an  unroasted  condition 
by  the  use  of  a  moderately  heated  solution.  With  other  ores,  however, 
a  moderate  roasting  of  the  pulp  by  which  the  copper  compounds  are  con- 

*  Dr.  W.  IJorchers,  in  his  Electro- Metallurgie  (1891),  gives  the  following  reactions 
as  taking  place  during  the  process  : 

xHjSO^  -j-  2CUSO4  -f  4FeS0^  =  2(:u  -f  2  Fe./S04)3  "f  xH,S04. 

xHjSO^  -^  Cu^S  -i-  2  Fe.,/S04»,  =  2CUSO4  -|-  4  FeSO^  f  S  -f-  xHaSO^. 

CuO  4-  H,S(\  r=  CuSO^  -f  HjO, 

3  CuO    \    Fe,{SOj3  =  3  CuSO^  +  Fe.Oj. 

CuO  -h  2  FeSO^  4-  HP  =  CuSO^  -|-  (Fe^O,  -f  SOg)  -f-  H,. 
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verted  essentially  into  cuprous  sulphide  must  precede  the  solution  of  the 
copper. 

The  lixiviaiion  of  the  pulverized  ore  by  means  of  the  de-copperized 
and  de-oxidized  liquor  is  performed  in  troughs  the  pulp  being  kept  in 
suspension  by  means  of  stirrers.  The  liquor  coming  from  the  electric 
cells  is  continually  fed  at  the  head  of  the  trough,  mixed  with  the  neces- 
sary amount  of  pulp,  and  leaves  the  trough  with  the  de-copperized  pulp 
at  the  other  end,  the  solution  is  hastened  by  heat  supplied  by  steam 
pipes  in  the  bottom  of  the  trough.  The  pulp  is  separated  from  the 
solution  either  by  settling  or  filter  pump.  The  solution,  now  rich  in 
copper  and  deoxidized,  is  fed  anew  to  the  electric  apparatus.  Thus  the 
process  is  continuous  between  the  leaching  of  the  ores  and  the  electro- 
lysis of  the  solution,  the  lixiviant  being  produced  electrically  in  the  de- 
composition cells  and  the  electrolyte  regenerated  chemically  by  the 
solution  of  the  copper  in  the  ores. 

The  time  required  in  this  method  is  about  ten  hours,  and  the  amount 
of  copper  remaming  in  the  residues  is  from  o.i  to  0.5  per  cent.,  whether 
the  ore  is  rich  or  poor.  The  chief  requisite  is  mechanical  power.  A 
detailed  description  with  illustrations  is  given  of  the  arrangement  of  the 
plant  and  statement  of  cost  of  plant  for  producing  1000  kilos  of  fine 
copper  from  4  to  4j^  per  cent,  copper  ore  and  from  35  percent,  copper 
matte. 

Converter  for  Copper  Matte.  Colliery  Engineer  for  December, 
189 1,  gives  the  following  account  of  the  patent  issued  July  11,  1891,  to 
Pierre  Mantes,  of  Lyons,  France : 

This  converter  is  designed  for  producing  copper  from  matte  of  any 
composition.  In  construction  and  operation  it  resembles  the  converter 
employed  in  making  Bessemer  steel. 

The  cylinder,  A^  is  lined  with  refractory  material  and  has  end  open- 
ings, y^and  Gy  through  which  the  flame  from  any  convenient  heating 
furnace  is  run  for  the  purpose  of  properly  heating  it  before  receiving 
a  charge  of  matte. 

These  openings  are  covered  when  at  work.  The  cylinder  is  provided 
with  a  vent  or  nozzle,  /T,  and  a  blast  box,  C,  having  a  number  of 
tuyeres,  E^  which  extend  though  the  lining  as  shown.  Blast  is  supplied 
through  a  jointed  pipe,  C*  C*.  The  cylinder  is  supported  on  rollers, 
/,  upon  a  car,  as  shown.  The  apparatus  can  be  propelled  to  any  desired 
place  by  the  handles,  T,  The  cylinder  is  turned  over  to  receive  a 
charge  or  to  bring  the  tuyeres  beneath  the  metal  by  means  of  the  crank, 
N.  The  charge  is  introduced  through  the  nozzle,  H^  when  in  the  posi- 
tion shown  in  Fig.  i,  the  blast  is  turned  on  and  the  cylinder  is  rotated 
to  position  shown  in  Fig.  2.  The  reaction  commences  immediately. 
The  oxygen  of  the  air  combines  with  the  sulphur  and  forms  sulphurous 
acid,  and  with  all  the  other  bodies  it  forms  oxides  which  are  carried 
away  by  the  gaseous  current.  A  greate."  part  of  the  iron  which  passes 
to  the  state  of  oxide  remains  in  the  bath  and  would  soon  injure  the 
lining  of  the  converter  and  quickly  render  it  useless.  To  prevent  this, 
powdered  silica  contained  in  a  reservoir,  6^,  is  fed  into  the  blast  pipes 
and  is  brought  into  contact  with  the  oxide  of  iron  and  forms  silicate  of 
iron,  which  melts  and  floats  on  the  bath  of  melted  matte.  The  volume 
of  matte  becomes  less  by  the  liberation  of  the  sulphur  and  other  bodies, 
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consequently  the  converter  is  turned  slowly  in  order  that  the  air  blast 
may  still  penetrate  the  matte  to  the  proper  depth.  The  matte  is  thus 
concentrated  and  appproximates  metallic  copper  by  the  loss  of  the  other 
elements — iron  and  sulphur — as  well  as  the  combustion  and  volatiliza- 
tion of  the  metalloids  and  metals  more  easily  oxidized.  After  a  lime 
there  remains  in  the  converter  only  sub-sulphide  of  copper  and  this  is 
shown  clearly  by  the  col  )r  of  the  flame.  The  sulphur  continues  lo  bum 
and  the  copper  is  liberated  and  descends  by  gravity  below  the  remain- 
ing sub-sulphide.  The  cylinder  is  then  turned  backward  slowly  so  as  to 
keep  the  tuyeres  near  the  bottom  of  the  layer  of  sub-sulphide  until  crude 


copper  alone  remains.  At  the  middle  of  the  operation,  when  it  is  re- 
cognized by  the  color  of  the  flame  that  all  the  iron  has  been  burned, 
the  converter  is  tipped  to  the  position,  Fig.  .1,  and  the  slag  which  floats, 
if  sufficiently  fluid,  is  run  out,  the  air  which  strikes  the  surface  at  the 
rear  of  the  balh  being  usually  sufficient  to  force  it  out.  If  the  slag  is 
not  fluid  it  is  raked  out  by  the  usual  means.  The  apparatus  is  afterward 
turned  back  to  reduce,  as  aforesaid,  the  sub-sulphide  of  copper  by  still 
further  blowing.  By  this  process  poor  and  impure  mattes  can  be 
treated  at  will  for  obtaining  either  a  white  matte,  absolutely  free  from 
iron  and  other  bodies,  or  crude  copper,  or  even  refined  copper  in  con- 
dition for  rolling,  and  this  is  done  in  tess  than  an  hour  after  taking  the 
matte  from  the  blast  furnace  and  without  consumption  of  fuel. 

Lead— The  Basic  Bessemer  Process  Applied  to  the  Metal- 
LUROV  OF  Lead — The  Enginefring  and  Mining  Journal  for  April  16, 
i8()z,  translated  from  Revue  Universelle  de  Mines  lie  la  Metallurgies  for 
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January  18,  1892. — Dr.  Roesing,  formerly  Director  of  Fried richshiitte 
Works,  Upper  Silesia,  has  applied  the  basic  Bessemer  converter  to  the 
treatment  of  base-bulHon.  The  lead  is  oxidized  to  litharge,  which  is 
then  reduced  by  carbon  or  galena.  A  part  of  the  lead  may  be  desil- 
verized by  zinc  and  refined  in  the  converter. 
The  following  processes  constitute  the  new  system : 

a.  Treatment  in  the  converter  (i)  of  base-bullion  for  pure  litharge 
and  enriched  lead ;  (2)  enriched  lead  for  impure  litharge  and  lead- 
silver;  (3)  desilverized  lead  for  refined  lead. 

b.  Reduction  of  pure  litharge  by  carbon  for  merchantable  lead. 

c.  Treatment  of  galena  with  molten  litharge  for  base-bullion. 
Laboratory  experiments  and  heat  calculations  favoring  a  trial  on  a 

large  scale,  a  charge  was  made  of  6000  kilos  in  a  Thomas  converter 
with  successful  results;  the  time  of  blowing  was  15  minutes,  with  blast- 
pressure  of  i^  atmospheres.  The  lead  had  been  previously  heated 
a  little  above  its  melting-point.  The  litharge  formed  had  a  temper- 
ature higher  than  1200°,  and  was  very  fluid;  it  crystallized  on  cool- 
ing without  the  formation  of  amorphous  litharge ;  the  silver  contents 
being  0.0036  per  cent.,  capable  of  being  further  diminished  in  regular 
working. 

In  treating  poor  impure  zinciferous  lead,  the  refined  lead  obtained 
was  of  excellent  quality,  and  of  the  following  composition : 

Per  cent. 

Lead  (by  difference), 99*9934 

Antimony,       . o.ock>7 

Arsenic, 0.0005 

Copper 0.0013 

Iron, 00022 

Zinc, 0.0015 

Silver, 0.0004 

In  consequence  of  the  great  increase  of  temperature  in  the  con- 
verter during  the  blowing,  new  charges  may  be  worked  immediately 
without  reheating  the  vessel,  so  that  there  is  no  delay  in  the  process.  In 
regular  operation  it  would  be  possible  to  utilize  this  heat  for  melting  the 
lead. 

The  lining  of  the  converter  is  but  slightly  affected ;  the  opinion  of  the 
engineer  of  the  Friedrichshutte  steel-works  being  that  that  the  basic 
lining  of  the  converter  will  last  better  in  the  treatment  of  lead  than 
in  the  manufacture  of  steel. 

The  impurities  of  the  lead  (zinc,  arsenic,  and  antimony)  are  re- 
moved in  a  more  rational  manner  than  in  the  common  process, 
since  the  blast  acts  uniformly  throughout  the  mass,  and  not  merely 
upon  the  surface  of  the  bath ;  the  latter  is  to-day  purified  the  first, 
then  uselessly  oxidized,  while  the  impurities  contained  in  the  lower 
strata  of  the  metal  are  a  long  time  withheld  from  the  action  of 
oxygen,  resulting  in  an  oxidation  which  is  superfluous  and  injurious 
to  the  lead.  In  the  new  process  it  is  necessary  to  take  into  account 
the  reduction  in  the  expense  of  treatment,  and  the  loss  in  the  working 
of  intermediary  products ;  as  for  the  loss  in  blowing,  there  is  produced 
naturally  in  that  operation  very  thick  lead  smoke,  but  as  it  is  of  very 
short  duration,  the  amount  is  small  and  can  be  easily  recovered  because 
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it  is  not  mixed  with  combustible  products.  In  this  process  there  is  a 
saving,  in  comparison  with  cupellation,  according  to  the  calculation 
made  at  Friedrichshiitte,  of  J4.50  per  1000  kilogrammes  of  base-bul- 
lion. As  for  enrichment  of  lead,  it  is  recommended  not  to  carry  it  too 
far  at  once,  but 'rather  to  interrupt  the  blowing  at  intervals,  and  unite 
the  lead  of  several  charges,  which  can  be  submitted  to  a  new  operation 
for  enrichment. 

In  experiments  with  base-bullion  containing  0.0425  per  cent,  of  silver, 
lead  assaying  0.673  P^^  cent,  of  silver  has  been  obtained  as  a  maxi- 
mum, and  condensed  fumes  of  75  per  cent,  lead  and  0.0086  per  cent, 
silver. 

The  litharge  obtained  is  very  liquid  and  can  be  reduced  in  a  simple 
manner,  by  pouring  it  on  a  bed  of  incandescent  carbon  in  a  special 
furnace,  by  which  it  is  immediately  reduced.  The  same  furnace  may  be 
employed  for  the  treatment  of  the  galena ;  the  latter  is  comminuted  to 
fine  grains  and  heated  to  the  point  where  roasting  commences.  If  the 
liquid  litharge  is  spread  on  this  galena  it  is  rapidly  decom|X)sed,  with  the 
evolution  of  sulphuric  acid  gas,  which  is  mixed  neither  with  an  excess 
of  air  nor  with  combustion  products,  and  consequently  can  be  recovered 
easily.  The  rapidity  of  the  decomposition  of  the  litharge  by  carbon, 
or  by  the  galena,  permits  of  a  large  production  in  a  small  apparatus,  and 
the  consumption  of  fuel  amounts  only  to  that  required  in  the  prelimi- 
nary heating ;  the  amount  of  labor  necessary,  and  the  loss  in  metal,  are 
both  very  small. 

Open- Hearth  Steel  Furnace. — The  American  Manufacturer  and 
Iron  Worlds  for  Maich  11,  1892,  gives  the  drawings  of  an  open-hearth 
steel  furnace  of  the  Siemens'  type,  which  has  the  remarkable  record  of 
over  a  thousand  heats  without  repairs  to  the  crown.  This  furnace  is  at 
the  works  of  the  Apollo  Iron  and  Steel  Company,  Apollo,  Penn.  This 
unusual  longevity  is  the  result  of  definite  specified  causes  which  admit 
of  duplication.  The  beneficial  modifications  to  the  original  type  of 
Siemens  furnace  are  the  arrangement  of  gas  ports  so  as  to  prevent  the 
flame  from  impinging  directly  upon  the  walls  and  crown  of  the  furnace 
and  a  straight  roof  in  direction  of  its  length.  These  points  of  con- 
structioUy  the  use  of  best  quality  silica  bricks  and  the  intelligence  and 
carefulness  of  the  workingmen  have  given  this  excellent  record. 

The  company  has  also  another  furnace  of  the  same  type  from  which 
fifteen  hundred  heats  are  expected  before  rebuilding. 

Tin. — The  American  Manufacturer  has  issued  a  supplement  on  tin 
and  tin  plate,  their  history,  production  and  statistics,  by  Joseph  D. 
Weeks,  33  pages. 

Steel  Casting — The  Formation  of  Blow-Holes  (^Engineerings  Jan- 
uary I,  1892). — Two  theories  have  been  proposed  to  explain  the  forma- 
tion of  blow-holes  in  steel  castings,  neither  of  which  has  so  far  succeeded 
in  satisfying  all  parties.  When  it  was  discovered,  at  Terrenoire,  that  an 
addition  of  silicon  to  the  molten  metal  tended  toward  the  production  of 
sound  castings  the  theory  was  advanced  that  the  blow-holes  were  due  to 
carbonic  oxide,  which  compound  is  broken  up  by  silicon  at  high  tem- 
peratures. But  the  discovery  that  the  gas  contained  in  these  blow- holes 
was  principally  hydrogen  and  nitro.^en,  with  but  a  small  proportion  of 
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carbonic  oxide,  did  much  to  unsettle  this  theory  though  its  advocates 
by  no  means  abandoned  the  field. 

M.  le  Berrier,  engineer-in-chief  of  mines  and  professor  at  the  Con- 
servatoire des  Arts  et  Metiers,  proposes  a  theory  which  accounts  for  the 
effects  of  silicon  in  producing  sound  castings,  and  also  for  the  presence 
of  hydrogen  in  these  blow-holes,  as  follows :  He  regards  the  bath  of 
cast  steel  as  a  supersaturated  solution  of  hydrogen  and  nitrogen,  if  it 
is  solidified  quietly  nothing  disturbs  the  molecular  equilibrium,  but  if 
by  a  secondary  reaction  bubbles  of  some  other  gas  are  produced  in  the 
body  of  the  molten  fluid,  this  disengagement,  feeble  as  it  may.be, 
destroys  the  equilibrium  just  as  in  a  supersaturated  solution  of  a  gas  in 
a  liquid,  the  passing  in  of  a  few  bubbles  of  some  other  gas  may  cause 
the  disengagement  of  the  first.  This  carbonic  oxide,  though  forming 
only  a  small  part  of  the  total  gas  set  free,  is  quite  capable  of  liberating 
the  other  gases  with  which  the  blow-holes  are  mainly  filled. 

Chrome  Steel,  Its  Manufacture  and  Uses  with  Complete  Chem- 
ical Analyses. — {Stevens^  Indicator ,  January,  1892,  pp.  49-65.)  This 
interesting  article  is  an  abstract  of  the  graduating  thesis  of  Messrs.  B. 
Franklin  Hart,  Jr.,  and  Julius  Calisch  describing  the  method  of  manu- 
facture as  carried  on  at  the  Brooklyn  Chrome  Steel  Works,  the  differ- 
ent grades  of  the  products  with  uses  to  which  each  grade  is  put,  the 
properties  of  chrome  steel  in  general  and  analyses  of  raw  material  and 
finished  products,  giving  also  the  method  of  analysis  pursued. 


W.  Walker  (^Journal  Amer,  Chem,  Soc.^  xii.,  256.)  As  a  result  of 
many  experiments  the  following  table  has  been  arranged  to  show  the 
order  of  strength  of  the  various  explosives  (nitro-glycerine  being  taken 
as  the  standard  and  rated  at  100.) 

1.  Explosive   gelatine  made   f.om   nitro-glycerine   after  the 

Vouges  process, 1 06  17 

2.  Hellhoffite, 106.17 

3.  Nilro-glycerine  (made  Nov.  19,  1889),        ....  100.00 
4   Nobel's  smokeless  powder, 92.38 

5.  Nitro-glyccrine(made  Jan,  29, 1890,  and  tested  on  same  day),  92.38 

6.  Explosive  gelatine  (made  from  nitro-glycerine  No.  5),        .  88.95 

7.  Gun  cotton  (U.  S.  N.  Torpedo  Station,  1889),  .         .         .  53.15 

8.  Gun  cotton  (Stowmarket,  1885), 83.12 

9.  Nitro-glycerine  (made  according  to  the  French  process  and 

tested  the  same  day) 81  85 

10.  Gun  cotton  (made  in  Artillery  School  Laboratory),    .         .  81.31 

11.  Dynamite  No.  i, 81.31 

12.  Dynamite  de  Trouzl, 7931 

13.  Emmonsite, 77.86 

14.  Amide  powder, ^9-87 

15.  Oxonite  (picric  acid  fused  before  being  added),  ,         .  69.51 

16.  Tonite, 68.24 

17.  Bellite, 65.70 

18.  Oxonite  (picric  acid  not  fused),  .....  64.24 

19.  Rack-a-rock, 61  71 

20.  Atlas  powder, 60  43 

21.  Ammonia  dynamite, 60.25 

22.  Volney's  powder  No.  i, 58.44 

23.  '*  "         No.  2, 53.18 

24.  Melinite,    .        . .  50  82 

25.  Silver  fulminate, 50.27 

26.  Mercury  fulminate, 49-91 

27.  Mortar  powder,  Dupont, 28.13 
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Analytical  Chemistry,  by  E.  Waller,  Ph.  D. 

Utilizinf^  the  Electric  Light  Current  in  Laboratory  Work.  Stillwelland 
Austen  (Jour.  Anal,  and  A  pp.  Chem.y  vi.  129.)  Thermopiles  and  gal- 
vanic batteries  are  inferior  to  the  current  from  dvnamos  when  that  is 
available.  The  current  is  almost  invariably  so  strong  that  it  requires 
to  be  reduced.  Resistance  coils  are  liable  to  be  attacked  by  the  labora- 
tory fumes.  "Blackened  lamps"  no  longer  useful  for  illumination  are 
the  cheapest  and  best  form  of  resistance.  The  older  patterns  of  lamps 
have  a  lower  resistance  than  those  of  recent  manufacture.  The  resist- 
ance changes  with  the  temperature,  e.g^  a  lamp  of  127  ohms  when  cold, 
has  been  found  to  give  only  36.6  ohms  resistance  at  white  heat.  The 
resistance  of  two  lamps  of  equal  resistance  while  hot,  when  arranged  in 
stories  (no  volt  current)  is  greater  than  twice  the  resistance  of  one. 
The  current  may  be  measured  most  conveniently  by  the  gas  afforded  per 
minute.  Roughly  10  c.c.  gas^  one  ampere.  (More  exactly  i  c.c.  := 
0.0958  ampere.)  Very  small  currents  may  be  obtained  by  passing  a 
side  current  around  a  lamp.  By  this  means  large  and  small  currents  may 
be  simultaneously  obtained. 

The  post  of  the  current  may  be  placed  at  about  one  cent  per  hour  for 
a  current  of  0.75  ampere. 

Asbestos  in  Filtration.  Barba  (^Jour.  Anal,  and  App.  Chem.,y.  596 
and  vi.  35.)  If  finely  divided  asbestos  is  stirred  in  with  a  precipitate 
and  the  whole  is  then  filtered  through  a  layer  of  asbestos  the  operation 
is  often  much  facilitated.  This  mode  of  management  is  especially  use- 
ful in  filtration  of  MnO,  in  the  chlorate  method  (Ford's)  or  of  carbon 
in  the  analysis  of  manufactured  irons. 

Action  of  BaO^^  Kwsisnik  (Berichte,  x\v.,  6-j.)  With  ferrocyanide, 
all  of  the  oxygen  is  evolved  and  ferrocyanide  is  formed.  With  ferric 
salts  but  half  the  oxygen  is  evolved  ;  ferrous  salts  act  in  a  similar  man- 
ner. Ferric  salt  first  forms  and  the  evolution  of  O  ensues.  Salts  of  the 
alkaline  earths  have  no  effect  whatever.  Mg  salts  act  slowly;  Zn  and 
Cd  salts  more  rapidly ;  Co  and  Ni  salts  very  promptly.  Mn,  Cr  and  Al 
salts  act  in  a  similar  manner  to  the  ferric  salts.  Cu  salts  act  promptly. 
The  above  liberate  only  half  of  the  O  of  the  BaO,.  Hg,  Ag  and  Au 
salts  evolve  the  whole  of  the  O  with  separation  of  the  metal.  PtCl^ 
is  not  reduced  but  an  escape  of  O  occurs,  PlCl^,BaCl,,8H,0  being 
formed.  If,  however,  PlCl^,  2HCI  is  mixed  with  AgNO,  in  propor- 
tions to  form  PtCl^  2  .-VgCl,  and  BaO,  is  then  added,  the  Pt  is  reduced 
to  metal.  With  all  insoluble  Ag  salts  the  action,  though  slower  than 
with  the  solution,  was  the  same. 

Examination  of  Minerals.  Burghardt  (Chem.  News.^  Ixv.,  44,53} 
gives  a  plan  for  the  ready  testing  of  minerals,  sulphides,  arsenides,  etc. 
In  place  of  the  test  with  Ofl  on  Ch  he  uses  NH^NO,  in  a  crucible  as 
more  satisfactory.  The  separation  of  nickel  and  cobalt  was  found  to 
be  effected  by  fusing  with  NH^NO,,  and  keeping  the  mass  simmering 
for  three  or  four  minutes,  adding  a  little  nitrate  from  time  to  time  if 
necessary,  then  on  cooling  the  mass  was  boiled  with  water  which  dis- 
solved cobalt  nitrate  and  left  behind  NiO.     If  the  mineral  is  a  sulphide, 
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mix  with  10  per  cent,  of  powdered  carbon  and  fuse  with  four  times  its 
weight  of  caustic  soda ;  cool,  extract  with  water  and  tebt  the  residual 
oxides  with  NH^NO,  as  above. 

Spectroscopic  Determination  of  Potc^sium,  Gooch  and  Hart  (/////. 
Jour.  Sci.^  xlii.,  Dec.)  Coils  of  platinum  wire,  such  as  recommended 
by  Truchot  {Comptes  Rend.  Ixviii.,  1022),  were  found  to  be  suitable. 
The  form  used  was  2  mm.  in  diameter,  by  i  cm,  in  length,  made  of  No. 
28  wire  (0.32  mm.  diameter)  and  wound  in  about  thirty  turns.  Their 
capacity  was  one-fiftieth  of  a  grm.  of  water.  The  method  employed 
was  dilution  of  the  solution  tested  until  a  coil  full  of  the  liquid  showed 
with  a  0.23  mm.  slit,  a  line  of  the  same  brightness  as  that  given  by  a 
corresponding  amount  of  a  standard  solutiom.  Sodium  when  present 
in  proportion  of  100  parts  to  i  of  potassium,  practically  extinguished 
the  potassium  lines  in  qualitative  testing,  when  dilution  to  extinction  of 
the  potassium  line  was  tried.  When  comparison  was  made  with  the  po- 
tassium line  obtained  from  a  standard  solution,  NaCl  was  found  to  pro- 
duce a  brightening  of  the  K  line  so  that  the  estimations  of  K  under 
these  conditions  were  above  the  truth.  By  adding  NaCl  to  the  stand- 
ard solution,  this  error  was  rectified. 

Separation  of  Caicium  and  Strontium,  Fresenius  and  Ruppert 
{Fres.  Zts,  AnaL  Chem,^  xxx.,  672.)  Strontium  can  be  precipitated 
from  a  solution  by  addition  of*  K^CrO^  and  one-third  its  bulk  of  alco- 
hol. Free  acetic  acid  prevents  the  formation  of  insoluble  SiCrO^, 
ammonia  salts  favor  it.  Calcium  is  not  precipitated  under  these  con- 
ditions. The  method  recommended  is  to  separate  Sr  and  Ca  (Ba  being 
absent)  by  precipitation  as  carbonates,  redissolve  in  HCl  and  evaporate 
until  neutral,  dilute,  warm  to  70°,  add  K,CrO^  and  alcohol,  until  the 
solution  contains  about  30  per  cent,  by  volume  and  filter  off  SiCrO^. 
In  the  test  analyses  Sr  ran  a  little  low,  and  Ca  a  little  high. 

Analysis  of  Commercial  Aluminum.     Hunt,  Clapp  and  Handy  {Jour, 
Anal,  and  App,  Chem.^  vi.,  24).      Solvents  concent.  HCl  (Sp.  Gr.  1.2) 
dissolves  the  metal  with  such  a  vigorous  escape  of  gas  that  there  is  dan- 
ger of  loss  by  foaming  over.     A  dilution  of  about  i  :  2  is  better  for 
general  work. 

Nitric  or  sulphuric  acids,  whether  dilute  or  concentrated,  are  very 
slow  in  their  action. 

Aqua  regia,  even  when  containing  one  sixth  as  much  HCl  as  HNO3, 
and  a  volume  of  water  equal  to  that  of  the  mixed  acids,  dissolves  the 
metal  completely  when  hot. 

KOH,  40  per  cent,  solution  (15  c.c.  per  gm.  of  metal),  is  efficient, 
but  more  expensive  than  acids. 

Silicon,  On  dissolving  in  acids,  some  graphitoidal  Si  always  remains, 
which  oxidizes  slowly  by  heating  over  the  burner,  or  by  treatment  with 
KOH,  but  readily  by  fusion  with  alkaline  nitrate.  The  residue  after  dis- 
solving m  acid  and  treatment  with  HF  +  H2S0^  leaves  a  mixture  of  Si 
and  SiO,,  the  latter  from  partial  oxidation  of  the  heated  Si.  Some  of 
the  graphitoidal  Si  is  also  volatilized  in  the  treatment.  A  method 
which  seems  promising  consists  in  filtering  the  residue  from  hot  HCl 
through  a  platinum   cone,  washing  with   HCl,  drying  at  8q°  C,  then 
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washing  with  HF  +  H^SO^,  followed  by  hot  water,  drying  at  80°  and 
weighing  again.  The  weight  of  the  residue  is  approximately  that  of 
the  graphitoidal  Si. 

For  Total  Silicon  dissolve  0.9334  gm.  of  drillings  in  15  c.c.  HNO, 
(Gr.  1.2)  with  2  c.c.  cone.  HCl.  After  action  has  nearly  ceased,  add 
2  c.c.  more  of  HCl.  With  very  pure  grades  heat  the  mixture  for  some 
little  time  thereafter.  Then  add  20  c.c.  cone.  H,SO^,  and  evaporate  to 
fumes;  after  cooling  treat  with  75  c.c.  water  and  10  c.c.  HCl,  boil  five 
minutes,  filter,  wash  with  water,  then  with  hot  (30  per  cent.)  HCl,  and 
again  with  water.  Burn  off  the  paper,  fuse  with  about  3  gms.  Na,CO,, 
dissolve  in  HCl,  add  15  c.c.  cone.  H,SO^  and  evaporate  to  fumes,  and 
then  repeat  the  treatment  described  for  the  former  evaporation  with 
HjSO^.  The  weight  of  the  SiO,  thus  obtained  divided  by  0.02  gives 
percent.  Si. 

Iron  and  Copper.  Dissolve  i  gm.  in  40  c.c.  diluted  HCl  (i  :  2). 
Boil,  dilute  to  2«5o  c.c.  and  saturate  the  solution  with  H,S.  Filter  off 
Si,  CuS,  etc.  From  this  residue  the  Cu  may  be  extracted  and  deter- 
mined, e.g.y  it  may  be  ignited,  extracted  with  HNO,  and  the  solution 
evaporated  and  ignited,  so  as  to  obtain  CuO,  or  the  electrolytic  battery 
separation  may  be  used.  In  the  solution,  after  boiling  down  to  50  c.c, 
the  iron  may  be  determined  by  titration  with  K^Cr^O^  in  the  usual 
manner. 

Aluminum  is  frequently  determined  by  difference  (deducting  per- 
centages of  Si,  Fe  and  Cu).  For  the  direct  determination  dissolve  i 
gm.  in  25  c.c.  of  HCl  (i  :  2)  and  evaporate  to  dryness.  Take  up  with 
HCl,  filter,  dilute  and  pass  H^S,  filter,  boil  out  HjS,  make  up  to  250  c.c, 
take  50  c.c,  nearly  neutralize  with  ammonia,  add  5  c.c.  ammonia  sulphate 
solution,  and  10  c.c  Na.^S20j  solution  (both  saturated  solutions).  Boil 
out  SO,  and  filter.  Redissolve  in  HCl  and  reprecipitate  by  ammonia 
and  addition  of  a  little  phosphate,  boil,  filter,  wash,  dry,  ignite  in  por- 
celain and  weigh  as  AlPO^. 

Chromium  may  be  added  to  impart  hardness. 

Dissolve  2  gms.  in  50  c.c  of  a  10  per  cent,  solution  of  KOH, 
boil  and  filter.  The  residue  contains  the  Cr.  Burn  off  the  paper, 
treat  with  i  c.c.  H^SO^  and  5  c.c.  HF.  Evaporate  to  fumes  of  SO,, 
fuse  with  4  gms.  KHSO^  for  twenty  minutes  at  a  low  temperature,  then 
over  a  blast  lamp  so  as  to  expel  nearly  all  free  SO,.  Cool,  add  a 
little  Na^COj,  then  KNO,  and  fuse.  Cool,  dissolve  in  water,  filter,  add 
NH^Cl  and  warm  to  cause  separation  of  silica  and  alumina,  filter,  and 
in  the  filtrate,  reduce  the  chromate,  and  precipitate  in  the  usual  man- 
ner, purifying  the  precipitate  by  at  least  one  re-solution  and  reprecipi- 
tation. 

Titanium  imparts  toughness  and  resistance. 

To  determine  it,  dissolve  2  gms.  in  KOH  solution  as  for  Cr.  After 
dissolving  boil  ten  minutes,  dilute  to  about  125  c.c,  boil  up  and  filter, 
washing  ten  times  with  boiling  water.  Burn  off  the  filter  in  a  por- 
celain crucible,  crush  and  mix  in  a  platinum  crucible  with  6  gms. 
KHSO^.  Heat  to  fusion  with  a  small  flame.  At  intervals  of  five  min- 
utes remove  from  the  heat  temporarily  and  give  the  contents  of  the 
crucible  a  rotating  motion.  At  the  end  of  fifteen  minutes  raise  the 
temperature  until  the  lower  one- fourth  of  the  crucible  is  red  hot,  shak- 
ing occasionaUy  as  before.     In  ten  minutes  more  apply  the  full  heat  of 
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the  burner  for  five  minutes,  then  cool,  add  2  gms.  more  KHSO^,  and 
gradually  bring  to  homogeneous  fusion,  avoiding  the  expulsion  of  much 
SO3.  Pour  the  melt  out  upon  a  clean,  cold  surface,  and  when  cool 
digest  the  cake  as  well  as  the  crucible  with  150  c.c.  of  water  kept  at 
40°  C.  until  solution  is  effected.  Filter  and  test  the  residue  with  HF 
and  H,SO^.  It  should  consist  entirely  of  silica.  Neutralize  the  solu- 
tion with  ammonia,  render  slightly  acid  with  H^SO^,  dilute  to  250  c.c, 
saturate  with  SO,,  heat  up  slowly,  and  boil  for  45  minutes,  adding  a  little 
SO,  water  from  time  to  time.     Filter  off  TiO,. 

In  the  filtrate  oxidize  up  the  Fe  precipitate  by  ammonia,  redissolve  . 
in  HCl  and  titrate  with  K,Cr,Oy. 

In  case  Ti  is  present  the  Si  determination  is  managed  as  already  de- 
scribed, except  that  a  little  more  HCl  (20  c.c.)  is  used  in  re-dissolving 
after  evaporation  with  HjSO^. 

Dichromate  Titration  of  Iron,  Namias  (Gazz.  Chim,  ItaL,  1891,  473, 
through y5?«r.  AnaLjand  App,  Chem.^y'x.^  36).  The  author  prefers  to  add 
an  excess  of  dichromate  solution  and  then  to  titrate  back  with  SnCl,, 
after  addingadrop  or  two  of  iodine  and  the  same  amount  of  starch  so- 
lution. He  claims  that  the  SnCl,  reacts  first  with  the  dichromate,  then 
with  the  starch  iodide,  and  finally  with  the  ferric  salt. 

Analysis  of  Ftrrochrome.  Warren  {Chem,  News^  Ixv.  186),  Dis- 
solve in  strong  H,SO^  and  heat  to  dissolve  the  alloy  with  evolution  of 
SO,.  Continue  heating  until  copious  fumes  of  SOg  are  evolved.  Then 
add  a  few  drops  of  HCl,  diluteand  heat  until  only  a  carbonaceous  residue 
remains  undissolved.  Filter,  and  in  one  portion  determine  Fe  by  titra- 
tion with  standard  bichromate,  in  the  other  portion  precipitate  chro- 
mium and  ferric  hydrates  together  by  ammonia,  ignite  to  oxides  and 
weigh.  Deduct  from  this  weight  that  of  the  FCjO,  present  and  calculate 
the  remainder  as  Cr,0,. 

Iron  and  Alumina  in  Phosphates.     Glaser  method.     Gibbins  (  Chem, 
News,  Ixv.,  51)  reports  as  to  the  application  of  this  process  to  Florida 
phosphates  (wV/^  Quarterly,  xi.,  273,  etc.).     He  finds  that  any  inter- 
ference due  to  the  presence  of  MgO  may  be  prevented  by  avoiding  the 
;  addition  of  excess  of  ammonia  to  an  aliquot  portion  of  the  alcoholic  so- 

lution. If  the  ammonia  is  added  drop  by  drop  from  a  burette  until,  on 
stirring  and  testing  with  litmus  paper,  the  solution  is  found  to  be  just 
neutral,  and  then  the  alcohol,  expelled  by  evaporation  on  the  steam- 
bath,  but  not  to  dryness,  and  the  solution  then  boiled,  with  the  addition 
of  a  few  drops  of  ammonia,  settled  and  filtered,  no  MgO  is  found  in  the 
precipitate.  The  Florida  phosphates  frequently  contain  some  Mn,  which 
will  appear  in  the  precipitate.  To  remove  this,  it  is  recommended  to 
wash  partially,  redissolve  in  dilute  HNO,,  add  a  little  (NH  J,HPO,,  and 
then  ammonia  until  neutral,  when  a  precipitate  free  from  Mn  is  ob- 
tained. (Such  is  the  statement,  but  the  rationale  of  this  operation  is 
not  clear.     AbsS) 

Separation  of  Iron,  Aluminum  and  Chromium,  Marchal  and  Wiernik 
{Zts,  Angew  Chem,,  1891,  511).  The  sulphuric  acid  solution  is  neu- 
tralized with  Na,COg  until  a  slight  permanent  precipitate  forms,  which 
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is  just  redissolved  by  addition  of  a  few  drops  of  HCl  or  H^SO^.  Freshly 
precipitated  MnO,  suspended  in  water  is  ihen  added,  stirred  in  well,  and 
the  solution  boiled.  (The  MnO,  is  obtained  for  the  purpose  by  precipi- 
tating a  neutral  solution  of  MnSO^  by  permanganate,  and  washing 
thoroughly).  The  ferric  oxide  is  precipitated,  while  the  chromium  is 
converted  to  chromate.  The  solution  should  be  tested  with  ferrocya- 
nide  to  determine  when  all  iron  has  been  precipitated.  In  the  filtrate 
the  alumina  is  precipitated  by  ammonia,  and  in  the  filtrate  from  that 
the  chromium  is  reduced  and  precipitated  with  the  usual  precautions. 

Separation  of  Iron^  Manganese  and  Calcium,  Riggs  {/our.  Anal,  and 
App.  Chem,y  vi.,  94).  Experiments  are  recorded  in  which  repeated  ba- 
sic acetate  separations  of  the  iron  (ammonium  acetate)  and  repeated  Br 
separations  of  Mn  (in  ammoniacal  solution)  followed  by  (NHJgCjO^ 
precipitations  were  used.  The  conclusions  are  that  in  separating  the 
iron,  an  excess  of  the  acetate  is  undesirable.  Two  precipitations  are  suffi- 
cient. The  Br  precipitation  of  Mn  should  be  repeated  if  over  0.02  gm. 
of  either  MnO  or  CaO  are  present.  The  presence  of  acetates,  as  well 
as  the  addition  of  Br  to  the  hot  ammoniacal  solution  is  best,  when  sep- 
arating MnOj. 

Cobalt  in  Manganese  Ores,  Moore  {^Chem,  News^  Ixv.,  75).  Two 
methods  are  given.  First  method ',  Mix  2  gms.  of  ore  with  4  to  5  gms. 
KHSO^  in  a  platinum  dish  and  fuse  15  to  20  minutes  at  the  highest  tem- 
perature afforded  by  a  Bunsen  burner.  Then  add  little  by  little,  solid 
ammonium  carbonate  continuing  the  heat,  until  SO,  fumes  come  off  but 
feebly,  keeping  the  dish  covered.  Pour  the  melt  on  a  clean,  cold  sur- 
face, and  allow  it  to  cool.  Dissolve  in  about  400  c.c.  of  boiling  water, 
boil  for  about  20  minutes,  settle  and  wash  by  decantation.  The  insolu- 
ble residue  will  contain  no  Ni  or  Co.  Heat  the  filtrate,  add  30  c.c.  acetic 
acid,  pass  in  H,S  and  when  all  iron  is  apparently  reduced,  add  50  c.c.  of 
strong  solution  of  NH^C^HgO,  to  the  boiling  solution.  Ni  and  Co  will 
separate  as  sulphides.  Let  settle,  filter  and  wash  thoroughly,  convert  to 
sulphates  and  deposit  by  electrolysis.  Separate  the  two  by  any  good 
method,  the  precipitation  of  Co  as ainm on io -phosphate  being  preferable. 

Second  Method,  This  depends  on  the  absorption  of  oxygen  by  am- 
moniacal solutions  of  cobalt.  In  presence  of  citrate,  Mn  hardly  absorbs 
any  oxygen.  The  reaction  is :  2C0O  -|-  O  =  Co^Oj,  or  at  standard  tem- 
perature and  pressure,  every  c.c.  of  O  absorbed  indicates  0.0105  gm.  Co. 

To  2  gms.  of  the  ore,  add  HCl,  and  evaporate  to  drynes<?.  To  the 
residue  add  3  gms.  H^C^HjO^  in  3  or  4  c.c.  ammonia ;  render  distinctly 
acid  by  addition  of  HCl  if  it  is  not  already  acid.  Heat  until  all  soluble 
material  is  dissolved,  then  cool.  Introduce  the  solution  into  a  Bunte 
gas  burette  (a  graduated  tube,  with  bulb  and  stop-cock  at  each  end). 
Make  up  the  volume  with  water  to  the  zero  mark,  and  then  introduce 
4  or  5  c.c.  of  strongest  liquor  ammonia  saturated  with  NH^Cl.  Connect 
the  lower  bulb  with  a  reservoir  of  water,  and  agitate  the  apparatus  until 
no  further  absorption  takes  place.  Note  the  contraction  in  volume  of 
the  air,  and  after  correcting  for  pressure  and  temperature,  calculate  the 
Co  present. 

Separation  of  Zinc  and  Manganese,      Jaunasch  and    Niederhofheim 
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{Bfrichtf^  xxiv.,  3945.^  The  mixed  s^^phates  in  5c  c,c,  of  solution,  are 
mixed  with  10  cr.  of  a  10  per  cent,  KCy  solution  and  10  c.c.  of  a  25  per 
cent.  KOH  solution  in  a  pbtinmn  dish.  After  stirring  unii!  the  precipi- 
tate is  nearly  Fedissofved,  the  Mn  is  precipitated  by  addition  of  50  to 
60  c.c.  of  H,0,  solntion,  and  heating  covered '■  on  the  water  hath  for 
about  15  minutes.  The  filtrate  is  acidified  with  HCl  and  evaporated 
to  dryness  to  separate  silica.  The  solution  from  the  SiO.  is  precipitated 
in  the  tisual  manner  with  Na.CO^  The  Mn  precipitate  had  best  be  re- 
dissolved  in  dilute  HXO,  by  the  aid  of  (not  over  0.3  gm.)  oxalic  acid, 
and  reprecipitated  in  ammonia  solution  by  H,0^ 

Oxidation  of  Mineral  Arsenides  hy  the  Electric  Current.  Frankel 
{Journal  Franklin  Inst.^  Xov.^  1891.^  The  conditions  produced  m-ere : 
fusion  of  25  to  40  gms.  of  KOH  in  a  nickel  crucible  forming  the  positive 
pole — ^addition  of  the  powdered  mineral — passage  of  a  current  of  one 
ampere  for  20  to  45  minutes.  The  current  was  finally  reversed  for  3  to 
5  minutes.  Arsenides  containing  but  one  atom  of  As  in  the  molecule 
such  as  niccolite  arsenopyrite,  etc., decomposed  readily,  those  containing 
As,  as  smaltite,  etc.,  required  the  longer  time,  and  the  larger  proportion 
of  KOH.  The  method  of  determining  arsenic  as  sulphide  was  found  to  be 
extremely  unsatisfactory. 

Analysis  of  Antimony  Ores,  Camot  {Bull.  Soc.  Chim.^  vii.  and  viii., 
219.)  For  stibnite  or  other  sulphides,  place  2  to  5  gms.  in  a  flask,  add 
50  to  60  c.c.  cone.  HCl  and  heat  to  just  short  of  boiling.  When  action 
has  apparently  ceased,  decant  the  solution  through  a  filter,  add  a  fresh 
lot  of  acid,  and  heat  again,  treat  a  third  time  in  the  same  manner  adding 
one  or  two  drops  of  HNO,.  In  the  clear  solution  precipitate  Sb  by  in- 
serting a  strip  of  metallic  tin,  and  heating  to  80-90^.  One  gm.  of  Sb  is 
ordinarily  precipitated  under  these  conditions  in  about  and  hour  and  a 
half.  Wash  by  decantation  with  dilute  HCl,  finally  rinse  off  with  alco- 
hol dry  and  weigh  on  a  weighed  filter. 

With  ore  containing  antimony  oxides  convert  to  sulphide  and  then 
treat  as  above.  The  conversion  to  sulphide  is  effected  by  spreading  a 
weighed  amount  of  the  ore  over  the  bottom  of  a  flask,  into  which  is  de- 
livered dry  H,S  (passed  through  CaCl2)  the  ore  being  maintained  at 
3oo^C  by  a  low  flame  (Rose  burner)  beneath  it.  The  end  of  the  tube 
should  be  close  to  the  surface  of  the  powdered  ore.  An  hour's  treat- 
ment in  this  manner  is  usually  sufficient.  Lead  is  the  only  element 
likely  to  interfere  with  this  process.  It  was  found  best  to  weigh  the 
metal  in  the  manner  described,  and  then  to  treat  the  weighed  precipitate 
with  yellow  sodium  sulphide,  heating  to  50  or  60°,  which  dissolved  out 
Sb  and  leaves  PbS,  which  is  filtered  off,  dried  and  weighed.  Theoreti- 
cally 86  per  cent,  of  this  PbS  is  Pb,  but  experiment  showed  that  under 
these  circumstances  it  is  more  accurate  to  deduct  ^^  of  the  weight  of  this 
precipitate  from  that  of  the  mixed  metals.  Arsenic  if  present,  only 
exists  in  unweighable  traces  in  the  precipitate. 

Lfady  Silver  and  Zinc  in  Ores  Containing  Galena  and  Blende,  Aubin 
(Bull,  Soc,  Chim,,  vii.,  134.)  Treat  10  gms.  of  ore  in  an  Erlenmeyer 
flask  of  I  litre  capacity  with  50  c.c.  fuming  nitric  acid — evaporate  to 
dryness,  redissolve  with  20  c.c.  HNO,  (Gr.  1.33)  and  heat ;  dilute  to  400 
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c.c.  and  after  agitation  filter  on  a  counterbalance  filter;  after  weighing, 
triturate  the  insoluble  PbSO^  and  gangue  with  30  to  40  c.c.  of  a  20  per 
cent,  solution  of  alkaline  sodium  tartrate.  Filter  again  through  coun- 
terbalanced filters  and  wash,  dry  and  weigh,  thus  obtaining  the  weight 
of  PbSO^  by  difference.  The  solution  containing  Ag  and  Zn  is  made  up 
to  500  c.c.  In  50  c.c.  the  Zn  is  determined  by  separating  Fe  with 
ammonia,  and  Zn  in  the  filtrate  by  H^S,  dissolving  and  precipitating  as 
carbonate.  In  the  remaining  400  c.c.  the  Ag  is  separated  by  addition  of 
NaCl.     (The  method  as  described  is  open  to  criticism — Abs^ 

Tin,  Gold  and  Cadmium  in  A  Hoys.  French  {Ch.  News,  Ixv.,  133.) 
One  to  two  gms.  were  dissolved  in  as  little .HCl  as  possible,  and  the  Au 
filtered  off.  The  filtrate  was  nearly  neutralized  by  KOH  solution,  4  to  5 
c.c.  of  HjO,  (10  volume)  added,  and  the  solution  boiled,  after  dilution 
to  half  a  liter.  The  tin  was  thus  readity  and  completely  precipitated. 
In  the  filtrate  Cd  was  precipitated  by  K^CO,. 

Determination  of  Molybdenum.  Pochard  (^Comftes  Rend.,  cxiv.,  173.) 
By  passing  HCl  gas  over  an  alkaline  molybdate  in  a  tube  heated  to  440** 
the  Mo  is  completely  sublimed  as  M0O32HCI.  The  white  needles  are 
easily  soluble  in  water,  and  by  evaporation  of  this  solution  to  complete 
dryness  at  100°  leave  pure  MoOj  A  slight  bluish  sublimate  insoluble  in 
water  usually  also  appears  in  the  tube  together  with  the  white  needles. 
This  is  easily  rinsed  from  the  tube  by  dilute  HNO3.  It  consists  of 
some  lower  Mo  oxide. 

Volumetric  for  Tellurium.  Brauner  (abs.  in  Fres,  Zts.  Anal.  Chem., 
XXX.,  707.)  Four  methods  are  mentioned  :  i.  Titrating  the  HCl  solu- 
tion of  Te  O,  by  SnCl^.  Te  separates,  the  solution  remaining  turbid 
until  an  excess  of  SnCl,  has  been  added,  when  it  clears.  The  excess  of 
SnCl,  is  determined  by  titrating  back  with  standard  iodine. 

2.  Oxidation  of  tellurous  to  telluric  acid  by  KjCr^O^. 

3.  Oxidation  of  the  element  Te  by  I  in  alkaline  solution. 
Both  of  these  last  were  found  to  be  unsatisfactory. 

4.  Oxidation  of  TeO^  to  TeO,  by  K^Mn^Og  in  alkaline  solution  free 
from  chlorides.  This  last  was  found  to  be  tre  most  accurate  and  expe- 
ditious method  thus  far  tried.  If  one  has  the  HCl  solution  of  TeO,  it 
is  best  to  evaporate  with  H^SO^,  then  dilute,  supersaturate  with  NaOH 
and  titrate  with  permanganate.     {^Vide  Quarterly  xii.,  167  and  264.) 

Phosphorus  Determination  by  Acidimetric  Titration  of  the  Molybdate 
Precipitate.  Manly  {/our.  Anal,  and  App.  Chem.,y{.,  82).  The  stand- 
ard alkali  should  contain  6.6  gms.  NaOH  per  liter,  i  c.c.  should  equal 
0.0002  gm.  P. 

The  standard  acid  should  correspond  with  the  alkali,  c.c.  for  c.c.  It 
is  made  by  diluting  10  c.c.  HNO,  (Gr.  1.42)  to  i  liter  and  then  dilut- 
ing as  titration  shall  determine. 

The  indicator  used  is  phenol-phthalein.  A  stock  of  purified  *'  yellow 
precipitate*'  should  be  kept  on  hand  for  standardizing.  This  is  pre- 
pared by  washing  the  precipitate  free  from  reagents  with  three  per  cent, 
nitric  acid  and  re-dissolving  in  ammonia  (of  15  per  cent).  Filter  and 
boil  off  nearly  all  of  the  ammonia,  then  add  HNO3  (Gr.  1.2).     Then 
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evaporate  to  dryness  and  finally  heat  over  the  lamp  until  fumes  of 
HNOg  and  NH^NO,  cease  to  come  off.  There  is  no  danger  of  over- 
heating during  the  fuming.     Cool  and  keep  in  a  stoppered  bottle. 

Standardize  by  weighing  out  c.2  gm.  of  yellow  precipitate,  run  in 
20  c.c.  of  alkali,  then  add  the  indicator  (^ize  of  a  pin's  head),  and 
stir  until  dissolved  ;  titrate  back  with  the  standard  acid.  The  strength 
is  correct  if  3.7  c.c.  of  acid  is  required  (20 — 3.7  =  16.3,  or  0.163  per 
cent.  P).  It  will  be  more  convenient  if  the  solutions  are  brought  to 
this  strength. 

For  steels  dissolve  2  gms.  in  30  c.c.  HNO,  (Gr.  1.2)  in  an  Erlen- 
meyer  flask.  Boil  out  nitrous  fumes,  oxidize  with  4  or  5  c.c.  per- 
manganate (10  gms.  per  liter)  until  a  cloud,  permanent  on  boiling, 
is  formed.  Add  HCl  drop  by  drop  and  boil  until  the  solution  is 
perfectly  clear.  Cool  somewhat,  neutralize  with  diluted  ammonia  (1:1) 
until  the  ferric  hydrate  dissolves  only  slowly.  .  Avoid  more  than  3  per 
cent,  excess  of  acid.  Then  warm  to  nearly  boiling  and  add  50  c.c.  of 
the  molybdate  solution.  Shake  for  some  seconds,  stand  on  a  sand- 
bath  for  five  minutes  and  filter.  Wash  with  3  per  cent.  HNO,,  contain- 
ing 3  per  cent.  KNO,,  till  free  from  Fe  and  molybdate.  Dissolve  in 
(15  per  cent.)  ammonia  into  a  porcelain  dish.  Boil  off  excess  of  am- 
monia, add  2  c.c.  HNOj  (Gr.  1.2),  evaporate  to  dryness,  heat  to  expul- 
sion of  fumes,  as  already  described,  and  treat  subsequently  as  when 
standardizing. 

Pig-irons  are  treated  in  essentially  the  same  manner,  the  amount  to  be 
taken  varying  from  0.5  to  2  gms.,  according  to  grade.  HNO,  of  1.135 
gravity  is  preferably  used,  and  the  graphite,  etc.,  should  be  filtered  off 
before  precipitating. 

For  ores,  dissolve  2  to  4  gms.  in  HCl,  evaporate  to  dryness,  take  up 
with  HCl,  dilute,  filter,  evaporate.  Expel  HCl  by  evaporation  with 
HNO,,  dilute  and  treat  as  in  previous  cases.  The  time  required  for  de- 
termination is  approximately  40  minutes. 

DeUrtnination  of  Bromine  or  Iodine.  Nihoul  {Zts,  Angew,  Chem,, 
1 891,  441.)  The  halogen  is  precipitated  as  the  silver  salt.  After  drying 
and  weighing  the  silver  compound  is  placed  in  a  tube,  converted  to 
chloride  by  passing  over  it  CI  ox  HCl  gas,  and  again  weighed. 

Estimation  of  Nitrous  Acid,  Green  and  Evershed  {Chem.  News,  xxv., 
100).  Prof.  Lunge  finds  that  the  diazotization  method  described  by 
these  gentlemen  gives  incorrect  results.  Their  claim  is  that  he  did  not 
apply  it  in  the  right  manner.  Their  restatement  of  their  method  may 
be  given  as  follows  :  Dissolve  93  gms.  pure,  dry  aniline  with  450  c.c.  (of 
30  percent.)  HCl  in  i  liter.  25  c.c.  of  this  solution  is  placed  in  a  stop- 
pered bottle  surrounded  by  ice  water,  and  is  then  titrated  with  the  ni- 
trite solution  (with  constant  agitation)  until  a  drop  of  the  solution 
gives  a  blue  color  at  once  vf'xih.  Znl2  and  starch.  When  a  slight  excess 
of  nitrous  acid  is  still  indicated  after  standing  for  an  hour,  the  end- 
point  has  been  reached.  ' 
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A  Manual  of  Mining.  By  M.  C.  Ihlseng,  C.E.,  E.M  ,  Ph.D.,  Professor  of  Engi- 
neerinfr,  Colorado  State  School  of  Mines.  New  York :  John  Wiley  &  Sons. 
Pp.  428.     Price  ;?4.oo. 

Except  in  the  special  field  of  coal  mining,  American  technical  literature 
has  long  lacked  a  treatise  on  mining  which  would  serve  as  a  thorough 
text-book  for  students,  and  as  a  reliable  guide  for  practical  miners  and 
business  men.  American  mining  practice  is,  in  many  respects,  in  the 
front  rank  of  industrial  progress,  but  no  American  treatise  on  mining 
has  appeared  which  could  in  any  sense  rank  with  such  modern  Euro- 
pean books  as  Haton's  Exploitation  des  Mines  and  Kohler's  Berg- 
baukunde. 

The  appearance  of  Prof.  Ihlseng*s  work  is,  therefore,  a  matter  of 
interest.  The  author  states  in  his  preface  that  **  the  work  is  designed 
as  an  elementary  treatise  for  the  use  of  those  desiring  a  reference 
book,**  and  as  such  we  must  regard  it. 

The  book  is  divided  into*  two  parts,  as  follows:  Part  I.,  Mining 
Engineerings  which  contains  sixteen  chapters  on  Geognosy  ;  Preparatory 
and  Exploratory  Work ;  Methods  of  Mining ;  Hoisting  Machinery ; 
Electricity  and  Water  Power;  Hoisting  Operations;  Hoisting  Con- 
veyances ;  Underground  Traffic ;  Surface  Transportation  ;  Pumping  ; 
Ventilation;  Methods  of  Ventilation;  Distribution  of  the  Air;  Regu- 
lation of  the  Air  Current  ;  Illumination  ;  Hygienic  Conditions. 

Part  II.,  Practical  Minings  contains  ten  chapters  on  Shafts;  Sinking 
in  Running  Ground;  Timbering;  Drifts,  Tunnels,  and  Adits;  Bor- 
ing; Breaking  Ground  ;  Blasting;  Drills  and  Drilling;  The  Compres- 
sion of  Air;  Mine  Examination. 

The  division  into  Parts  is  somewhat  strained,  as  questions  of  both 
''Mining  Engineering'*  and  **  Practical  Mining**  arise  in  almost  all 
the  subjects  treated.  But  the  headings  of  the  chapters  show  that  the 
author  has  taken  a  comprehensive  survey  of  the  field. 

The  book  contains  a  large  amount  of  practical  information  under  the 
various  headings,  for  the  accumulation  and  arrangement  of  which  much 
industry  was  required.  It  is  well  supplied  with  clear  illustrations,  many 
of  them  being  reproductions  from  manufacturers*  circulars,  for  which 
due  credit  is  given. 

While  the  arrangement  under  subjects  is  excellent,  and  most  of  the 
descriptions  of  methods  and  machines  are  clear  and  instructive,  a 
review  of  the  work  demands  that  some  defects  be  pointed  out.  This 
is  the  more  necessary  on  account  of  the  special  importance  at  present 
of  even  an  elementary  work  of  such  scope. 

Turning,  for  instance,  to  Chapter  III.  of  Part  I.,  on  Methods  of 
Mining,  we  find  nine  systems  enumerated  :  Overhand,  Underhand, 
Traverse  with  Filling,  Square  Sets,  Traverse  with  Caving,  Long  Wall, 
Pillar  and  Stall,  Squares,  and  Panel.     Although  this  list  of  methods  is. 
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on  the  whole,  very  good,  yet  the  statements  concerning  the  applica- 
bility of  the  methods  will  hardly  find  general  acceptance.     Thus — 

Overhand  stoping  is  said  to  be  **  for  Ipdes  of  a  thickness  limited  by 
the  unsolidity  of  the  ore"  (p.  31);  Underhand,  ''only  for  narrow 
veins,  and  may  replace  above  (/.^.,  Overhand)  in  those  of  rich  ore,  or 
where  the  entire  lode  is  salable.*' 

Piiiar  and  Staii  ''requires  a  good  roof"  (p.  32),  and  the  Panel 
method  is  said  to  be  applicable  to  **  thin  coal  beds,  flatter  than  25®  ; 
coal  free;  top  rotten  ;  mine  gaseous.*'  As  to  the  Lon^  Wall  method, 
we  are  told  (on  p.  44)  that  **  Long  wall  requires  a  bad  roof;  but  if  the 
roof  be  good  it  may  be  used,  the  filling  replacing  the  material  expected 
from  the  caving  of  the  roof.     This  plan  is  sometimes  used." 

The  above  quotations  will  serve  to  show  that  the  author's  manner  of 
defining  the  applicability  of  methods  of  mining  is  lacking  in  precision. 
The  more  detailed  descriptions  contain  many  good  points,  but  the 
whole  chapter  is  rather  loosely  written,  and  contains  such  inexact  state- 
ments as**'  Coal  beds  less  than  28  inches  thick  are  unexploitable.  The 
thinnest  iron-ore  bed  mined  is  43  inches"  (p.  32).  •*  A  28-foot  gypsum 
bed  sells  but  29  per  cent,  of  the  area  mined  "  (p.  43). 

We  note,  also,  some  important  omissions.  In  the  chapter  on  Hoist- 
ing Machinery,  the  very  important  subject  of  counter-balancing  receives 
only  the  most  casual  mention  (on  pp.  76-79) ;  and  under  Pumping, 
there  is  no  discussion  of  the  evil  of  **  forking  air,"  with  which  all  stu- 
dents and  practical  miners  should  be  familiar. 

Under  Methods  of  Ventilation,  the  citation  of  Mr.  R.  Van  A. 
Noriis's  conclusions  concerning  the  working  of  centrifugal  ventilators 
(p.  196)  is  badly  summarized,  and  contains  statements  for  which  Mr. 
Norris  should  not  be  held  responsible,  such  as  **  the  influence  of  shape 
of  blades  shows  that  the  back  curvature  is  better,"  and  **  the  efficiency 
is  high  if  the  peripheral  velocity  is  large."  A  perusal  of  Mr.  Norris's 
paper  on  Centrifugal  Ventilators  (presented  at  the  meeting  of  the 
American  Institute  of  Mining  Engineers,  October,  1891)  will  show 
that  he  has  been  only  partially  understood  by  the  author. 

Some  uses  of  terms  are  hardly  accurate.  Underground  Transporta- 
tion ought  not  to  be  called  Underground  ''Traffic,"  as  in  Chapter 
VIII.,  Part  I. ;  and  on  page  2  there  occurs  the  rather  striking  prophecy 
that  the  **  abandoned  exploitations'*  (of  unlucky  speculators)  '*  will  be 
pursued  to  profit,  when  the  potential  investment  of  to-day  will  have 
been  resolved  into  future  kinetic  dividends."  The  use  of  the  word 
*'  exploitations"  in  the  evident  sense  of  **  explorations  "  is  most  unfor- 
tunate, even  in  an  elementary  treatise,  and  may,  perhaps,  be  due  to  a 
typographical  error.  It  is  to  be  hoped,  also,  that  the  type-setter  is 
responsible  for  the  apparent  superfluity  of  the  statement,  in  the  refer- 
ence of  five  lines  to  Hydraulic  Mining,  on  page  29,  that  **An  ore  of  20 
per  cent,  gold  per  cubic  yard  pays."    *'oz."  may  have  suggested  **%." 

Nevertheless,  we  have  enlarged  rather  on  the  defects  than  on  the 
merits  of  the  work.  In  spite  of  such  inaccuracies  as  have  been  pointed 
out,  it  contains  much  matter  of  practical  value,  especially  in  Part  II., 
well  arranged  and  illustrated.  The  book  is  convenient  in  form,  is 
handsomely  printed,  and  has  an  index. 

William  Allen  Smith. 
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Laboratory  Manual  of  Chemistry.  By  James  E.  Armstrong.  Principal  of  Lake 
High  School,  Chicago,  and  James  H.  Norton,  Principal  of  Lake  View  High 
School,  Chicago,     American  Book  Company.     8vo.,  pp.  144.     50  cents. 

This  book  is  intended  more  particularly  for  use  in  the  laboratory  in 
conjunction  with  Elliott  &  Storers's  Manual  of  Elementary  Chemistry, 
or  some  manual  of  similar  scope.  Being  so  intended,  each  alternate 
page  is  left  blank  (with  but  one  or  two  exceptions)  for  notes.  It  con- 
tains some  suggestions  that  may  be  of  value  to  teachers.  The  points 
illustrated  by  the  experiments  and  their  arrangement,  emphasize  the  fact 
that  every  teacher  must  lay  out  his  own  plan  of  instruction,  adapting  it 
to  the  capacity  and  needs  of  his  students  as  well  as  other  conditions. 
The  experiments  on  latent  iieat  are  noticeable  because  usually  omitted 
in  many  similar  manuals.  A  similar  remark  may  be  made  as  to  experi- 
ments which  suggest  to  the  student  that  the  adhesion  of  liquid  to  his 
glassware  may  prove  a  source  of  error  in  the  measurement  of  liquids. 

In  imparting  to  the  student  correct  ideas  as  to  acids  and  bases,  the 
suggestions  of  this  manual  might  be  regarded  by  some  teachers  Us  throw- 
ing upon  them  too  heavy  a  burden  of  explanation,  for  students  often 
have  a  way  of  conceiving  erroneous  ideas  from  the  perusal  of  a  printed 
page,  which  give  much  trouble  to  correct  by  explanation.  A  few  quo- 
tations may  be  given.  P.  30 :  *•  Hydrates  are  a  type  of  a  class  of  sub- 
stances called  bases',  **  also  **  Call  all  the  compounds  you  find  that  turn 
red  litmus  blue,  alkalies ^  P.  32  :  **Call  all  elements  that  can  neutralize  an 
acid  a  base."  (The  italics  are  in  the  text,  indicating  apparently  that  a 
definition  is  given.)  On  page  30  also  is  given  a  table  of  "  common 
base-forming  elements/'  and  **  common  acid-formmg  elements/'  the 
elements  being  given  by  symbols  on  either  side  of  a  dividing  line.  It 
is  essentially  the  classification  into  metals  and  metalloids.  No  sugges- 
tion (by  the  arrangement  of  the  symbols  or  otherwise)  is  given  as  to 
which  elements  form  the  more  distinctively  basic  oxides.  Sb  appears 
among  the  base-formers,  As  among  the  acid-formers,  and,  for  some  un- 
explained reason,  Cr  only  appears  in  both. 

Experiments  30  to  39,  inclusive,  are  on  water.  Experiments  40  to  53 
are  on  air.  The  idea  involved  is  good,  indicating  to  the  student  the 
chemical  relations  of  the  commonest  substances  known  to  him,  but  it 
seems  unfortunate  to  give  prominence  in  that  place  to  the  impurities 
and  accidental  constituents  of  those  substances.  That,  however,  is  a 
question  of  arrangement  of  topics  which  all  through  frequently  seems 
odd  and  possibly  confusing.  E.  g.  after  some  experiments  on  flame, 
the  blowpipe,  etc.,  terminating  with  *' Experiment  87,  the  Borax  Bead," 
comes  experiment  %^y  **  Marsh  Gas  ;  *'  experiment  89, '*  Illuminating 
Gas;*'  experiment  90,  **AlcohoIic  Fermentation;"  experiment  91, 
**  Vinegar;"  experiment  92,  **  Fractional  Distillation  ;  "  experiment 
93,  **Test  for  Sugars;  "  experiments  94  to  99,  "Digestive  Ferments, 
their  Effects,  etc.  ;  "  experiment  100,  **  Sulphides  ;  "  experiment  loi, 
**  Chlorides,"  etc.  From  here  to  the  end  (experiment  164)  the 
ordinary  qualitative  reactions  and  methods  for  qualitative  testing  are 
made  the  subject  of  study. 

As  has  been  said,  many  teachers  may  glean  from  this  book  useful 
suggestions,  but,  as  a  whole,  it  would  be  adapted  only  to  special  condi- 
tions of  instruction.  E.  W. 


BULLETIN  OF  ALUMNI  AND  COLLEGE  NEWS. 


Prize  Essay  on  the  Transmission  of  Power  by  Electricity,  with 
Special  Reference  to  its  Application  to  Mining. 

An  Alumnus  of  the  School  of  Mines  of  Columbia  College  has  offered 
a  prize  of  one  hundred  dollars  for  the  best  essay  on  the  above  subject 
that  may  be  presented  by  a  graduate  of  the  School.  The  essays  must 
be  sent  to  Prof.  W.  P.  Trowbridge  on  or  before  November  i,  1892. 
President  Seth  Low  will  appoint  a  committee  to  examine  the  essays  and 
award  the  prize.  The  successful  essay  will  be  published  in  the  School 
OF  Mines  Quarterly. 

Department  of  Mineralogy  and  Metallurgy. 

The  geologists  of  the  third  class  have  this  year  received  instruction 
in  mathematical  crystallography  and  optical  mineralogy,  the  work  in 
crytatlography  including  lectures  and  practical  instruction  in  measuring 
angles,  calculating  constants,  delineation  of  forms  by  Quenstedt  and 
Miller  projections  and  by  the  clinographic  method  of  Dana.  In  optical 
mineralogy  the  subjects  treated  were :  Optical  characters  of  different 
species,  instruments,  cutting  of  sections,  identification  of  species,  ab- 
sorption, pleochroism,  color,  refraction,  etc.  It  is  proposed  to  further 
extend  this  course  next  year  by  lectures  upon  the  classification  of  mineral 
species ;  the  relations  of  form  and  composition  between  species  of  the 
same  group;  the  genesis  of  minerals  as  illustrated  by  associations, 
pseudomorphs,  alterations  and  synthesis ;  the  determination  of  minerals 
by  micro-chemistry,  spectrum  analysis,  etc. 
The  following  gifts  have  been  made  to  the  department : 
Mineralogical  Cabinet, — 2  large  specimens  of  chalcotrichite,  from 
Arizona ;  presented  by  Dr.  R.  Pearce,  of  Denver,  Colorado. 

2  cubic  cuprites,  i  atacamite,  2  mountain  leather  coated  with  cop- 
per oxide,  I  cuprite  and  pyrites,  i  malachite  pseudomorph,  2  calcites ; 
presented  by  A.  L.  Walker,  1883. 

Series  of  alabandite  specimens  by  W.  Stanton,  1882. 
I  chrysocoUa  pseudomorph,  from  Globe,  Arizona ;  presented  by  N. 
S.  Berray. 

3  large  specimens  of  agatized  wood  from  Arizona,  i  large  ame- 
thyst group  from  Lake  Superior,  i  large  pyrophyllite  from  North 
Carolina ;  presented  by  A.  L.  Hoyt. 

I  specimen  of  petrified  wood,  and  8  specimens  of  gold  ore  from 
Wales;  presented  by  J.  R.  Gordon,  class  of  187 1. 

I  schapbachite,  i  stoltzite,  i  tyroLite,  i  torbernite,  i  alabandite, 
I  essonite,  2  sulphurs,  i  inesite;  R.  Hoe. 

Metallurgical  Cabinet. — 23  photographs,  18  x  20,  in  oak  frames,  of 
Virginia  City  and  vicinity ;  presented  by  N.  P.  Lounsbury. 
VOL.  XIII. — 20 
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Drawing  of  a  chimney ;  Ansonia  Brass  and  Copper  Co. 
Model  of  a  chimney ;  Philadelphia  Engineering  Co. 
Drawing  of  a  roasting  kiln  ;  A.  S.  Dwight,  class  of  1885. 
Drawing  of  a  waterback  furnace  ;  Fraser  &  Chalmers. 

Department  of  Electrical  Engineering. 

Professor  F.  B.  Crocker  is  building  a  5000  volts  continuous  current 
dynamo  which  he  intends  to  use  for  high  insulation  tests.  The  insula- 
tion resistance  of  materials  against  a  continuous  high  voltage  strain  is  a 
subject  of  great  scientific  interest  and  practical  importance,  but  owing 
to  experimental  difficulties  it  has  not  been  as  yet  seriously  investigated. 

Dr.  M.  I.  Pupin  has  just  brought  to  a  close  a  part  of  his  investigations 
on  electrical  discharges  in  partial  vacua.  The  results  so  far  obtained 
seem  to  throw  considerable  light  on  the  nature  of  the  solar  corona,  solar 
prominences,  solar  faculae  and  the  aurora  borealis.  He  intends  to  con- 
tinue his  investigations  with  a  considerably  improved  method.  So  far 
he  has  employed  the  ordinary  alternating  current  of  about  125  periods 
per  second.  He  proposes  now  to  employ  electrical  oscillations  of  several 
hundred  thousand  periods  per  second,  and  is  building  for  that  purpose 
a  large  oil  condenser  capable  of  withstanding  a  tension  of  20,000  volts. 
The  oscillatory  current  will  be  transformed  to  very  high  voltage  by 
means  of  an  oscillatory  current  transformer.  Dr.  Pupin  expects  to 
perform  some  of  these  experiments  before  the  New  York  Academy  of 
Sciences  at  their  first  meeting  next  month,  at  which  meeting  he  is  to 
read  a  paper  giving  a  brief  account  of  the  results  so  far  obtained. 
Some  of  the  results  have  already  been  published  in  the  April  number 
of  the  American  Journal  of  Science, 

The  second  year  students  are  busily  engaged  in  their  investigations 
which  form  the  subject  of  their  graduating  theses.  Some  of  the  men 
have  already  obtained  quite  interesting  results,  especially  Mr.  Parmly, 
who  is  investigating  the  relation  between  the  armature  reaction  and  the 
load  in  continuous  current  dynamos  and  motors. 

One  of  the  last  year's  theses  was  very  favorably  commented  upon  by 
the  electrical  press  of  this  country,  and  a  reprint  of  it  appeared  in  the 
London  Electrical  Rtinew,  It  is  the  thesis  of  Mr.  A.  S.  Ives,  **  On  the 
Determination  of  Magnetic  Leakage  by  means  of  a  Weston  Voltmeter." 
(See  Electrical  Worlds  N.  Y.,  Jan.  2,  1892.)  Mr.  Ives  is  now  employed 
by  the  Thomson-Houston  Company  at  Lynn,  Mass. 

Department  of  Physics. 

**  New  York  is  soon  to  rob  Washington  of  one  of  the  cleverest  and 
most  promising  of  the  younger  members  of  the  Government  Scientific 
Corps.  Dr.  William  Hallock,  of  the  Smithsonian  Institution,  has  just 
notified  Director  Langley  of  his  acceptance  of  a  chair  as  Adjunct  Pro- 
fessor of  Physics  at  Columbia  College  under  Professor  Rood. 

"  Dr.  Hallock  was  l3orn  at  Milton-on-the-Hudson  in  1857.  He  was 
graduated  from  Columbia  College  in  1879.  ^^  \^^\^  the  three-year  fel- 
lowship in  science,  and  on  it  went  to  Wiirzburq;,  Germany,  for  a  course 
of  post-graduate  study.  Before  returning  to  this  country  in  1882  he 
received  an  appointment  as  physicist  on  the  Geological  Survey,  which 
he  retained  till  last  November,  resigning  it  to  enter  the  Smithsonian 
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Institution  as  Assistant  in  Charge  of  the  Physical  Observatory.  It  is 
this  place  which  he  gives  up  to  take  the  vacant  chair  in  Columbia. 

**  While  connected  with  the  Geological  Survey  he  conducted  the  inves- 
tigation of  subterranean  temperatures  in  the  famous  dry  well  at  Wheel- 
ing— the  second  in  depth  .in  the  world — where  the  drill  went  down  to 
4500  feet  below  the  surface  of  the  earth.  His  experiments  were  de- 
scribed in  a  paper  read  last  year  before  the  American  Association  for 
the  Advancement  of  Science.  He  was  also  for  three  years  at  work  in 
the  Yellowstone  Canon  investigating  the  phenomena  of  the  hot  springs 
and  geysers  there,  and  comparing  results  with  those  obtained  by  Professor 
Bunsen  in  Iceland.  In  collaboration  with  Mr.  Carl  Barus  of  the  Geolog- 
ical Survey  he  worked  for  some  time,  at  New  Haven  studying  methods  of 
measurement  of  high  temi:)eratures.  Among  the  other  topics  to  which 
he  has  given  his  attention  are  the  effects  of  pressure  on  powdered  mate- 
rials and  thermal  expansion  of  rocks. 

**  Dr.  Hal  lock  acted  at  WUrzburg  as  laboratory  assistant,  and  afterwards 
as  private  assistant  to  Professor  Kohlrausch.  His  degree,  summa  cum 
laude^  was  taken  in  December,  i88i.  Although  a  very  diligent  worker 
in  laboratory  and  obseri^atory,  and  turning  out,  alone  or  in  association 
with  other  scientists,  a  dozen  or  more  printed  treatises,  he  has  found 
time  to  gain  some  experience  in  teaching  and  lecturing,  first  with  the 
classes  in  chemistry  and  physics  at  the  Columbian  University,  and  later 
at  the  College  of  Pharmacy  in  this  city.  He  will  begin  work  in  New 
York  with  the  fall  term.** — Evening  Post ^  March  23. 

Department  of  Astronomy. 

The  following  changes  have  been  made  in  this  deixirtment  since 
the  death  of  Professor  William  Guy  Peck : 

The  department  of  Mechanics  and  Astronomy  has  been  abolished  ; 
also  the  Professorship  of  Higher  Mathematics  and  Astronomy  has 
been  done  away  with.  The  mathematics  formerly  taught  by  Professor 
Peck  is  now  under  the  charge  of  Professor  Van  Amringe;  all  the 
astronomy  has  been  placed  in  the  department  of  Astronomy,  which 
is  the  new  name  of  the  department  of  Geodesy  and  Practical 
Astronomy. 

The  titles  of  the  officers  in  this  department  have  been  changed  to 
conform  to  the  new  naming.  The  third  year  class  in  Geodesy  has 
been  placed  under  Mr.  Jacoby's  instruction  for  the  present.  The  work 
in  mechanics,  both  in  the  mines  and  art  schools,  has  been  for  the 
present  turned  over  to  Professor  Rees,  who  has,  with  the  approval  of 
President  Low,  placed  Dr.  M.  I.  Pupin  in  charge  of  the  work  in 
higher  mechanics,  and  Mr.  Pfister  in  charge  of  the  work  in  mechanics 
for  the  Juniors  and  third  year  Architects. 

The  trustees  at  their  last  meeting  took  steps  toward  the  creation  of 
the  office  of  Adjunct  Professor  in  Mechanics.  It  is  expected  that  this 
chair  will  be  filled  very  soon. 

For  a  couple  of  years,  at  least,  the  mechanics  will  be  under  the 
charge  of  the  new  Adjunct  Professor,  as  an  officer  of  the  department 
of  Astronomy. 

•  Eventually  the  subject  of  Mechanics  will  be  put  into  a  separate 
department,  and  may  include  mathematical  physics,  higher  mechanics 
and  engineering  mechanics. 
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The  force  in  Astronomy  has  been  increased  by  the  appointment  oi 
J.  T.  Monell,  C.  E.,  E.  E.,  as  Tutor  in  Astronomy. 

Photographs  of  the  Moon. 

Work  Done  at  Columbia  College  Observatory, — Prof.  John  K.  Rees, 
Professor  of  Geodesy  and  Astronomy,  and  Director  of  the  Observatory 
at  Columbia  College,  has  just  despatched  a  series  of  photographs  of 
the  moon  to  Prof.  Dr.  L.  Weinek,  of  the  Imperial  Observatory  at 
Prague.  They  are  from  negatives  made  by  Dr.  L.  M.  Rutherfurd 
between  1862  and  1870,  and  which  now  are  in  the  possession  of  Colum- 
bia College.  The  photographs  represent  the  moon  in  all  its  phases, 
and  the  positives  which  have  just  been  sent  were  prepared  by  Mr. 
Monell,  of  the  Columbia  College  Observatory. 

Dr.  Weinek  is  engaged  in  making  a  large  map  of  the  moon,  nine  feet 
in  diameter,  from  his  own  observations  and  from  the  photographs  which 
have  been  made  at  the  Lick  Observatory.  The  Rutherfurd  photographs 
are  to  be  used  in  making  necessary  comparisons.  Prof.  Rees  has  also 
sent  quite  a  complete  set  of  similar  photographs  to  the  IJck  Observa- 
tory. Dr.  Rutherfurd  presented  these  negatives  of  the  moon,  together 
with  some  apparatus  and  many  other  photographs,  to  the  College  in 
November,  1890 ;  and  a  complete  list  of  the  negatives  of  the  moon, 
sun  and  stars  has  been  published  by  Prof.  Rees  in  the  annals  of  the 
New  York  Academy  of  Sciences.  With  the  negatives  were  given  a 
great  many  volumes  of  measures  of  star  plates  made  by  Dr.  Rutherfurd, 
and  the  reduction  of  these  measures  has  been  pushed  forward  with  con- 
siderable enthusiasm  by  Dr.  Harold  Jacoby,  of  the  Department  of 
Astronomy.  The  results  of  the  Pleiades  reductions  will  soon  be  printed, 
while  the  reductions  for  the  group  about  /5  Cygni  are  also  complete,  and 
their  publication  may  be  expected  soon. 

Prof.  Rees  has  in  his  study  some  photographs  of  the  moon  that  have 
recently  been  made  by  students  in  the  Ol^ervatory,  and  which  compare 
very  favorably  with  the  work  of  observatories  with  much  larger  instru- 
ments and  greater  facilities.  The  work  of  the  Columbia  College 
Observatory  is  greatly  hindered  by  the  small  space  given  to  it  in  the 
present  college  buildings,  as  well  as  by  a  lack  of  sufficient  funds.  The 
removal  of  the  college  naturally  raises  the  question  of  a  new  observa- 
tory.— Evening  Post^  April  13,  1892. 

Department  of  Architecture. 

The  Second  Competition  for  the  Columbia  Fellowship  in  Architec- 
ture came  to  a  close  on  Saturday  evening,  February  27th,  when  the 
final  drawings  for  **  a  school  of  architecture  to  be  erected  in  New  York 
City  **  were  handed  in  by  the  fifteen  competitors.  Four  weeks  later  the 
jury,  consisting  of  Messrs.  R.  M.  Hunt,  C.  F.  McKim  and  Thomas  Hast- 
i>"»gs,  Jr.,  of  this  city,  announced  the  awards.  The  Fellowship  was  won 
by  Mr.  H.  B.  Mann,  1890,  who  will  shortly  start  on  his  travels  in  com- 
pliance with  the  purposes  of  the  Fellowship,  which  gives  him  f  1300  "to 
be  expended  in  foreign  study  and  travel  in  accordance  with  plans  to  be 
approved  by  the  President  and  the  Professor  of  Architecture. 

Mr.  Stoughton,  1888,  the  winner  of  the  first  competition  for  this  Fel- 
lowship is  still  in  Paris,  where  he  has  been  engaged  in  architectural 
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study  for  the  past  two  years,  and  the  winners  of  both  the  McKim  Fel- 
lowships of  1891  are  also  in  Paris.  Messrs.  Mufioz,  of  1889,  and  Welch, 
of  1890,  are  also  in  Paris,  with  several  others  from  this  department,  in- 
cluding Messrs.  Hewlett  and  Kohn  of  1890,  who  won  Honorable  Men- 
tions in  last  year's  competition.  Whether  Mr.  Mann  will  join  this  col- 
ony or  not  has  not  yet  been  announced. 

The  jury  also  awarded  an  Honorable  Mention  to  Mr.  W.  L.  Thome, 
1890,  and  **  highly  commended  *'  the  plans  submitted  by  Messrs.  Horn- 
bostel,  Raymond  and  Strout,  all  of  189 1.  It  is  understood  that  the  weakest 
element  in  most  of  the  designs  was  the  exterior  treatment,  which  only  in 
the  winning  design  clearly  suggested  the  nature  and  purpose  of  the 
building.  The  problem  was  an  unusually  complicated  one,  and  the 
number  of  drawings  required  greater  than  has  been  the  cases  in  the 
previous  competitions  for  the  Columbia  and  McKim  Fellowships.  The 
burden  was  somewhat  lightened,  however,  by  allowing  all  but  one  of 
the  final  drawings  to  be  made  away  from  the  college,  and  by  permitting 
the  competitors  to  employ  assistance  in  certain  ones  among  them.  The 
number  of  competitors  who  completed  the  work  was  fourteen,  a  gain 
of  60  per  cent,  over  the  first  competition  in  1890. 

Next  year  the  McKim  Fellowship  will  again  be  offered  for  compe- 
tition. 

An  unusual  amount  of  original  design  has  been  this  year  incorporated 
with  the  work  in  architectural  history  of  the  second,  third  and  fourth 
classes.  The  subjects  of  the  designs  have  been  in  each  case  related 
to  the  topics  assigned  for  original  investigation  in  the  preceding  week, 
thus  making  the  historical  study  directly  applicable  to  design,  and  giving 
directness  and  point  to  the  investigation  of  historic  monuments. 

On  the  evening  of  March  24th,  Professor  Ware  was  knocked  down 
by  a  wagon  while  crossing  Third  Avenue  at  59th  Street,  and  badly  hurt, 
being  confined  to  the  hospital  for  a  week,  and  to  his  room  for  several 
days  after  leaving  the  hospital.  His  escape  from  serious  injury  was  very 
remarkable,  and  although  he  has  not  yet  regained  his  former  strength,  he 
has  been  able  to  resume  at  least  a  part  of  his  accustomed  labors. 
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ANCIENT  METHODS  OF  DIVIDING  AND  RECORDING 

TIME  IN  JAPAN. 

By  THOMAS  EGLESTON,  Ph.D. 

The  ancient  methods  of  computing  and  of  recording  time  in 
Japan,  both  for  historical  purposes  and  for  the  uses  of  daily  con- 
venience, were  very  peculiar.  They  are  like  everything  else 
Japanese,  which  has  not  been  influenced  by  the  contact  with  for- 
eign nations,  interesting  on  account  of  their  evident  antiquity.  All 
Japanese  customs  are,  ho^wever,  rapidly  disappearing  in  the  gen- 
eral adoption  of  European  ideas,  and  but  little  of  their  ancient 
methods  remain. 

The  Gregorian  calendar  went  into  force  in  the  year  1873,  but 
it  was  adopted  in  a  modified  form.  To  have  accepted  the  whole 
of  it  would,  in  the  Japanese  mind,  be  equivalent  to.  acknowledg- 
ing that  foreign  ideas  are  supreme,  which,  although  it  is  a  fact  in 
everything  but  religion,  the  people  do  not  like  to  admit.  There 
is  now  a  reaction  against  foreign  ideas,  owing  partly  to  the  atti- 
tude of  the  foreign  element  in  the  treaty  ports  in  the  matter  of 
treaty  revision,  and  partly  to  the  fact  that  the  Greek  Church  in 
Tokio  has  been  built  in  such  a  situation  as  to  overlook  the  Empe- 
ror's palace,  which  every  Japanese  resents,  the  Emperor,  as  the 
head  of  the  Shinto  religion,  having  had  from  time  immemorial  by 

their  customs  and  laws  the  right  to  always  be  above  any  possible 
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inspection.  The  erection  of  a  high  dome  on  this  church  was  for- 
bidden by  the  government  on  account  of  the  popular  clamor  created 
when  the  design  was  made  public.  To  use  the  Christian  era  would 
be  to  admit  the  supremacy  of  foreign  religious  ideas  in  a  country 
where  the  myster>"  which  surrounds  the  very  presence  of  the 
Emperor  makes  him  the  popular  object  of  worship,  and  would  be 
utterly  repugnant  to  the  ideas  which  the  people  have  of  his  sacred 
character.  Besides  the  arrangement  of  the  calendar  into  periods 
more  or  less  near  to  each  other,  the  appointing  of  year  names,  as 
they  are  called,  by  which  these  periods  are  designated,  has  always 
been  considered  amongst  the  Eastern  nations  as  one  of  the  signs 
and  sacred  rights  of  an  independent  sovereignty.  To  admit  that 
any  other  custom  of  any  other  nation  or  nations  could  impose 
by  right,  or  even  by  usage,  a  practice  which  would  do  away 
altogether  with  year  names,  would,  both  in  Japan  and  China,  take 
away  one  of  the  mo'lst  dearly  cherished  rights  of  the  semi-sacred 
Emperor,  who  not  only  promulgates  the  name  which  he  has  arbi- 
trarily chosen  amongst  his  own  people,  but  imposes  it  on  his 
vassals.  In  China  the  year  name  corresponds  with  the  commence- 
ment of  the  reign  of  an  emperor,  but  in  Japan  it  has  not  heretofore 
been  so.  The  year  names  were  imposed  whenever  it  pleased  his 
Majesty.  It  has  been  announced,  however,  that  in  the  future  these 
names  will  be  made  to  coincide  with  the  commencement  of  reigns 
only.  With  the  arbitrary  way  in  which  it  has  heretofore  been  done, 
the  student  of  history  is  often  in  the  greatest  perplexity,  as  it  is 
almost  impossible  to  ascertain  the  relation  between  our  dates  and 
theirs,  and  when  the  names  have  been  changed,  as  they  frequently 
have  been,  several  times  in  the  same  reign,  the  problem  becomes 
almost  impossible  of  solution.  Very  few  of  the  Japanese  themselves 
know  all  the  year  names  of  their  own  country.  The  most  promi- 
nent of  them  are  used  in  ordinary  conversation,  such  as  Engi, 
A.D.  901  to  923,  famous  on  account  of  the  revision  of  the  then  leg- 
islation ;  Genroku,  1688  to  1704.,  the  time  of  great  cultivation  of 
the  arts;  Tenpo,  1830  to  1844,  the  most  brilliant  time  of  the 
present  century.  But  it  is  not  known  how  many  years  intervened 
between  the  periods,  and  as  they  were  short,  it  is  very  easy  to 
mistake  fable  for  history,  an  error  which  is  very  common  amongst 
Eastern  nations.  At  the  time  of  the  reform  made  in  time  in  the 
year  1872,  a  Japanese  era  was  introduced  which  was  made  to  com- 
mence with  the  reign  oi  Jimmu-Tenno^  the  mythical  ancestor  of  the 
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present  Imperial  Dynasty,  the  beginning  of  whose  reign  is  sup- 
posed to  have  been  660  B.C.  This  makes  it  possible  to  make 
historical  comparisons.  The  year  1 892  of  our  era  would  then  be 
2552  of  the  Japanese.  The  present  year  name  is  Meiji^  which  was 
given  in  1868, 

The  names  for  these  eras  are  made  up  of  the  signs  of  the  zodiac 
and  what  are  called  the  ten  celestial  stems  obtained  by  dividing 
each  of  the  five  elements,  wood,  fire,  earth,  metal  and  water,  into 
two,  called  respectively  elder  and  younger  brother.  In  addition  the 
years,  days  and  hours  were  considered  as  belonging  to  and  were 
named  after  the  signs  of  the  Zodiac.  These  were  called  Ju-m-s At. 
These  signs  of  the  zodiac  are : 


J.  //e  The  Rat. 

2.  O'sAi  The  Bull. 

3.  Tora  The  Tiger. 

4.  C/  The  Hare. 

5.  Tatsu  The  Dragon. 

6.  ^f  The  Serpent. 


7.  Ufrta  The  Horse. 

8.  ^i/svj'i  The  Goat. 

9.  Saru  The  Ape. 

10.  Tori  The  Cock, 

1 1.  /mu  The  Dog, 

12.  /The  Boar. 


The  five  celestial  elements  which   make  up  the  "  ten  celestial 
stems,"  called  jii'kan,  are : 


1.  A7  no  E, 

2.  Ki  no  To, 

3.  Hi  no  E, 

4.  Hi  no  Toj 

5.  Tstuhi  no  E, 

6.  Tsuchi  no  To, 

7.  JCa  no  E, 

8.  Aa  no  To, 

9.  Mizu  no  Ef 
10.  Misuno  To,    . 


Wood- 
Wood— 
Fire — 
Fire — 
Earth- 
Earth— 
Metal— 
Metal— 
Water- 
Water- 


Elder  brother. 
Younger  brother. 
Elder  brother. 
Younger  brother. 
Elder  brother. 
Younger  brother. 
Elder  brother. 
Younger  brother. 
Elder  brother. 
Younger  brother. 


When  the  signs  of  the  zodiac  and  the  celestial  stems  are  put 
together,  the  jik-kan  always  being  put  first,  they  make  a  cycle 
of  sixty  years.  The  first  year  of  this  cycle  is  Ki  no  E  Ne^  Wood, 
elder  brother  rat.  The  tenth  is  Mizo  no  Tori,  Water,  younger 
brother  cock,  and  then  the  cycle  begins  again.  As  there  are  only 
ten  of  these y/^-it^^«  they  follow  again  in  their  order.  The  twelfth 
month  would  then  be  made  up  of  No.  2  of  thejik-kan  and  No.  12 
of  theju-ni'SAij  and  so  on,  the  cycle  being  so  repeated  indefinitely. 
This  makes  it  very  difficult  to  a  European  to  follow  the  order  of 
things,  as  the  signs  of  the  zodiac  are  so  interwoven  with  days, 
months  and  years. 


302  THE  QUARTERLY. 

The  following  is  a  list  of  the  year  names  since  1800: 

JCyawa,      1801-1804.  Ansn,       1 854-1 860. 

Bunkwa^  1804-1818.  Man-en^  1860-1861. 

Bunsn,      181 8- 1 830.  Bunkyu,  1861-1864. 

Tempo,      1830-1844.  Genji^       1 864- 1865. 

Kokwa,     1844-184&  Ktio.         1865-1868. 

Kaei^         1848-1854.  Meiji,        1868. 

As  no  new  year  name  ever  came  into  use  on  the  first  of  the  year, 
but  was  generally  introduced  after  the  year  was  well  advanced,  the 
year  of  the  end  and  commencement  of  a  new  period  always  had 
two  year  names. 

The  year  1890  was  the  23d  year  of  the  Meiji,  and  its  name  was, 
therefore,  Ka  no  E  Torn,  Metal  elder  brother  tiger.  The  year 
1892  is  the  25th,  and  has  the  name  Tsuchi  no  E  Tatsu,  Earth  elder 
brother  dragon. 

The  year  was  divided  into  months,  which  were  real  moons. 
They  were  numbered  in  serial  order,  and  had  no  names  like  our 
months,  except  in  poetry.  There  were  twelve  of  these  months,  and, 
as  they  were  all  too  short,  a  month  was  interpolated  whenever  the 
accumulated  errors  made  the  new  year  come  a  month  too  early, 
which  was  about  every  three  years.  The  new  year  always  came 
in  the  last  of  January  or  the  first  of  February.  The  year  was 
further  divided  into  four  seasons  and  into  twenty-four  minor 
periods,  which  were  one-twenty-fourth  of  three  hundred  and  sixty- 
five  days  each.  These  periods  of  about  fifteen  days  each  were 
called  sekki.     These  sekki  had  appropriate  names,  such  as 

Risshttn^ Early  Spring. 

JCanrot Cold  Dew, 

Shokan^ Lesser  Cold. 

Daikan, Greater  Cold. 

which  were  descriptive  of   the  weather  likely  to    occur    during 
their  continuance. 

The  division  of  the  time  into  weeks  was  not  known,  nor  was 
there  anything  which  even  in  a  remote  way  corresponds  to  it. 
Eastern  nations  generally  claim  great  antiquity,  and  none  are  more 
tenacious  in  asserting  their  ancient  origin  than  the  Japanese,  and 
none  until  recently  were  more  conservative.  More  than  one  great 
artist,  previous  to  the  present  reformation,  has  been  invited  to 
commit  //<?r^-^V7' because  of  his  supposed  adoption  of  foreign  ideas. 
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Among  these  ancient  nations    time  was   recorded   by   "days," 
"  months"  and  "  years;"  the  **  months"  always  commenced  with  the 
new  moon,  while  "days**  and  ** years"  were  computed  from  the 
movements  of  the  sun.     But  as  these  months  were  only  about 
twenty-nine  and  one-half  days  they  could  not  be  divided  into 
periods  of  uniform  length,  and  hence  there  could  be  no  weeks. 
The  only  provision  that  could  be  made  was  the  four  phases  of  the 
moon,  but  these  were  not  weeks.     At  the  commencement  of  the 
present  reign  a  holiday  called  Ichi-roku  was  introduced  on  all  the 
ones  and  sixes  of  the  month,  making  a  division  of  the  months  into 
five  parts,  but  it  was  so  evidently  only  a  copy  of  the  western 
week  that  it  was  soon  given  up  and  our   week  took  its  place. 
Sunday  is  now  everywhere  kept  as  a  day  of  rest  from  official  work 
and  is  devoted  to  recreation,  all  the  government  offices  being  closed 
on  that  day.     Sunday  is  called  Don-taku,  an  evident  corruption  of 
the  Dutch  Zontag.    The  Saturday  half-holiday  has  also  been  intro- 
duced in  all  the  large  cities,  as  one  finds  to  his  inconvenience  when 
he  does  not  happen  tp  know  it.     Most  places  of  business  are  closed 
on  Saturday  afternoon,  which  is  called  Han-don  or  Half-Sunday. 

Time  in  Japan,  except  in  the  remote  towns,  is  now  recorded  as 
in  Europe.  Foreign  clocks  and  watches  have  now  taken  so  firm 
a  hold  with  the  people  that  they  will  not  be  displaced.  The  Yankee 
clock  is  to  be  seen  everywhere  and  has  driven  out  other  time- 
pieces. The  names  of  the  largest  American  manufacturers,  printed 
or  engraved  on  glass,  is  one  of  the  ornament*?  of  the  watchmakers 
shops  in  almost  every  large  city  in  Japan.  The  ancient  methods 
are  fast  disappearing  and  with  the  introduction  of  the  new  the  old 
is  laid  aside.  The  most  interesting  and  valuable  time-pieces  con- 
structed for  keeping  time  by  the  ancient  method  can  now  be  found 
in  the  curio  shops  and  purchased  for  almost  nothing,  being  dis- 
carded as  no  longer  of  use.  They  are  models  ordinarily  taken 
from  the  Dutch  time  pieces  of  the  17th  century  and  are  extremely 
interesting  as  relics  of  methods  of  recording  time  which  have  long 
ago  disappeared  and  of  escapements  no  longer  used.  For  a  his- 
torical horological  museum  a  collection  could  be  made  in  Japan 
for  almost  nothing,  as,  except  among  the  curio  dealers  of  the  large 
towns,  thronged  by  European  visitors,  the  finest  ancient'  time- 
pieces are  of  almost  no  value. 

Their  methods  of  computing  time  were  very  peculiar.  The  day 
was  calculated  from  noon  to  noon  and  was  divided  into  twelve 
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hours,  so  that  each  hour  was  equal  to  two  of  ours.  The  hours 
of  the  most  ancient  nations  were  one-twelfth  part  of  the  day  and 
night  together  or  the  time  that  a  sign  of  the  Zodiac  takes  in  passing. 
These  hour  signs  have  always  been  twelve  in  number,  because 
the  sun  traverses  nearly  a  twelfth  part  of  the  ecliptic  during  each 
lunation.  A  single  lunation  was  not  evenly  divisible,  but  two  luna- 
tions made  very  nearly  sixty  days,  a  period  which  has  from  time 
immemorial  been  used  by  eastern  nations.  The  division  of  the 
day  into  twelve  hours  which  has  been  used  from  the  earliest  antiq- 
uity was  adopted  by  the  Japanese,  but  their  counting  of  them  was 
done  in  a  singularly  crab-like  manner.  Anciently  the  hours  were 
not  numbered,  but  were  called  after  the  names  of  animals.  During 
the  period  of  transition  before  the  modem  method  was  entirely 
adopted,  numbers  were  used  beside  the  animal  names  They  were 
counted  in  a  very  peculiar  way.  Their  relative  values  as  com- 
pared with  ours  are  given  in  the  table  below  as  they  correspond 
to  A.M.  and  P.M. 


Present 
Hours. 

1 

Old  Japanese  Hours. 

Names  of  the  P.  M.  Hours. 
After  the  signs  of  the  Zodiac. 

1 

Names  of  the  A.  M.  Hours. 
After  the  signs  of  the  Zodiac. 

1 

12 
I 

9. 

Kokonotsu-doki, 
KokonotsU'han, 

Uma,  the  horse  i  Noon ) , 
Half-past  nine. 

Ne^  the  rat  (midnight), 
\          Half-past  nine. 

2 

3 

8. 

Yatsu-doki, 
Yatsu'han. 

Hitsuji^  the  goat, 
Half-past  eight. 

'  C^M/,thebuU, 

Half-past  eight 

4 
5 

7- 

Nanatsu-doki, 
Nanatsu-han, 

Saru^  the  ape, 

Half-past  seven. 

Tora^  the  tiger, 
Half-past  seven. 

6 

7 

6. 

Afutsu-iioki, 
Afutsu-han. 

Tori^  the  cock, 
Half-past  %ix. 

U^  the  hare, 

Half-past  six. 

8 
9 

5. 

Itsutiu-doki, 
Itsutsu'han. 

Inu^  the  dog. 

Half-past  five. 

Tatsu^  the  dragon, 
1          Half-past  five. 

lO 

II 

4. 

YotsU'dokL 
Yotsu-han, 

/,  the  boar, 

Half-past  four. 

Mi^  the  serpent, 
Half-past  four. 

The  hours  were  reckoned  from  sunrise  to  sunset,  there  being 
always  six  hours  between  the  two.  The  result  was  that  the  hours 
were  never  of  the  same  length  except  for  very  short  periods  and 
then  at  the  equinoxes.  In  winter  the  night  hours  were  long  and 
the  day  hours  short,  and  in  summer  the  day  hours  were  long  and 
the  night  hours  short,  and  ther<;  was  no  way  of  averaging  them, 
for  sunrise  and  sunset  were  always  six  o'clock  throughout  the  entire 


-yrf^TiT. 


t  was  recorded  by  means  of  clocks  and  watches,  in  which 
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there  was  but  one  hand,  which  indicated  the  hours.  This  hand 
was  stationary,  while  the  dial  moved,  except  in  clocks  and  watches 
with  an  alarm.  There  were  no  divisions  of  the  hours  into  minutes 
and  minutes  were  not  known.  On  some  very  rare  pieces  a  sec- 
ond hand  was  occasionally  put  upon  the  escape  wheel  as  a  matter 
of  curiosity.  The  circle  was  moreover  divided  sometimes  into  six 
and  sometimes  into  eight  parts.  The  hand  moved  sometimes  from 
left  to  right,  and  sometimes  from  right  to  left,  and  had  no  mean- 
ing. There  was  no  occasion  for  the  minute  hand  and  the  divisions 
of  the  hour  were  simply  known  as  the  half-hour,  which  half-hour 
was  approximatively  the  value  of  our  hour.  Sometimes  the  spaces 
between  the  hours  were  divided  into  four  or  eight  equal  parts. 

There  were  several  methods  of  recording  the  time.  These  were 
those  which  were  used  on  the  person  and  those  in  the  house. 
There  is  but  little  variation  in  the  escapement  of  the  time-pieces, 
but  a  great  deal  in  the  form.  Almost  all  of  them  are  copied  from 
Dutch  types  of  the  17th  century.  The  escapements  are  almost 
universally  verges  or  some  modification  of  them,  such  as  making 
the  palates  of  the  verge  work  upon  the  opposite  sides  of  two 
escape  wheels  set  vertically  and  facing  each  other;  but  few  of  this 
kind  are  seen.  Occasionally  the  balance  wheel  makes  the  escape- 
ment move  over  the  arc  of  a  circle  with  a  rack  and  pinion  ;  these 
also  are  rare.  Of  those  used  upon  the  person  there  are  three 
general  varieties,  all  of  them  adapted  to  be  worn  in  the  obi^  or  sash 
which  is  one  of  the  principal  articles  of  both  male  and  female  attire. 
The  Japanese  dress  has  no  pockets  except  in  the  sleeves,  and 
articles  of  value  could  not  be  carried  there;  so  everything  is 
adapted  to  the  obi  or  scarf  worn  round  the  waist  in  the  ordinary 
Japanese  dress.  The  watch  with  the  ordinary  verge  escape- 
ment is  sometimes  with  and  sometimes  without  a  striking  part. 
It  has  sometimes  a  chain  and  sometimes  a  cat-gut  on  the  barrel, 
but  the  chain  is  more  common.  The  case  in  the  striking  watches  is 
of  very  highly  ornamented  open  work.  The  face  is  of  gilt  and  the 
figures  of  silver.  The  single  hand,  as  in  all  Japanese  time-pieces 
without  an  alarm,  is  stationary  and  points  to  what  would  be  our 
twelve  o'clock,  while  the  dial  moves.  The  figures  are  all  movable 
and  are  held  to  their  places  by  springs  on  the  back  of  the  dial.  The 
ring  of  the  watch  is  fixed  at  right-angles  to  it,  instead  of  parallel 
with  it.  as  with  us,  in  order  to  adapt  it  to  the  obi.  The  key  is  a 
very  highly  ornamental  crank.     The  case  is  either  round  or  eight- 
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sided.      The  balance-wheel  is  generally  of  brass,  but  is  sometimes 
of  iron,  and  the  pinions  and  pivots  are 
'•  all  soft.     The  belt  clocks,  as  they  may 

be  called,  are  rectangular  and  are  about 
2j^  inches  square,  and  J^  of  an  inch 
thick.  They  are  really  diminutive  brass 
clocks.  They  are  either  ornamented  on 
the  face  with  cloisonne  or  are  very  elab- 
orately engraved.  The  escapements  are 
verges,  the  balance-wheels  are  brass, 
They  ordinarily  have  striking  parts.  The 
key  is  kept  in  a  little  drawer  fastened  to 
the  bottom  of  the  clock,  or  is  attached 
to  the  cord  which  goes  around  it  in  the 
second  method  of  attaching  it.  These 
are  always  covered  with  a  wooden  cage 
with  a  sliding  door  at  the  back,  which  is 
attached  to  the  belt  by  means  of  an  orna- 
mented brass  handle.  The  cases  have 
glass  on  the  front  and  sides  and  a  highly 
ornamented  wire  gauze  for  one-third  of 
the  height  on  the  side  to  let  out  the 
sound  ;  or  they  are  carried  in  a  wooden 
case  with  a  round  glass  in  front,  the  top 
of  which  lifts  off,  but  is  attached  to  a 
string  which  goes  around  the  whole  case 
through  holes  made  in  the  woodwork  for 
the  purpose,  and  to  this  the  key  is  at- 
tached. This  is  fastened  to  the  belt  and 
is  protected  by  a  very  highly  orna- 
mented leather  case,  which  easily  slips 
over  the  wooden  one,  which  is  generally 
carved.  All  of  the  brass  work  is  highly 
ornamented. 

The  house  clocks  are  of  three  kinds  : 
those  which  are  placed  on  a  pyramid  set 
on  the  floor  in  one  corner  of  the  room; 
those  which  hang  on  the  wall;  and  those 
which  are  made  to  be  placed  in  the  cht- 
gaidana  on  a  shelf  which  is  a  position  of 
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honor  in  the  room.  Those  which  are  placed  on  a  pyramid  are 
arranged  so  as  to  be  movable,  but  have  a  very  large  base  in  order 
not  to  be  easily  tipped  over.  The  works  are  generally  made  of 
iron,  and  the  case  and  works  together  are  not  over  30  to  35  inches 
in  height.  They  usually  show  the  months  and  the  day  of  the 
month,  and  most  of  them  have  an  alarm.  They  run  for  a  little  over 
24  hours.  The  top  part  of  the  case  is  highly  ornamented  and  the 
sides  are  divided  into  partitions,  backed  v/ith  silk,  so  as  to  let  out 
the  sound  of  the  gong.  The  upper  part  also  has  openmgs  which 
are  covered  with  silks  of  different  colors,  or  with  a  highly  orna- 
mented gauze.  The  object  of  the  pyramid  is  simply  to  protect  the 
weights. 

Those  which  hang  on  the  wall  are  made  of  highly  ornamented 
brass.  They  have  the  weights  free  or  enclosed  in  a  case,  and  in 
common  with  all  clocks,  run  about  24  hours.  The  escapements 
in  all  of  these  clocks  are  verges,  and  the  balance  is  an  arm  with 
notches  on  it,  on  which  movable  weights  are  hung,  so  as  to  regu- 
late the  clock.  When  this  disposition  is  used  there  are  always 
two  arms  working  on  different  escape-wheels  attached  to  the  same 
arbor,  one  for  the  day  and  one  for  the  night,  which  are  thrown 
into  play  by  a  cam  at  the  proper  time.  The  verges  are  suspended 
by  silk  and* the  stems  run  free  in  a  hole  below  and  have  no  pivot. 
These  clocks  have  round  dials,  and  always  show  the  days  of  the 
month.  They  hang  upon  the  wall  by  a  hole  made  in  the  upper 
part  of  the  clock  case  itself.  The  small  wall  clocks  are  of  two 
kinds,  according  as  they  do  or  do  not  strike.  The  movement  con- 
sists of  four  wlieels,  one  of  which  sometimes  has  and  sometimes 
does  not  have  a  hand  which  corresponds  to  our  second  hand.  The 
circle,  however,  is  divided  only  into  six  parts.  They  have  no  dial. 
The  time  is  noted  by  a  hand  placed  upon  the  weight,  which  indi- 
cates the  hour,  either  on  an  engraved  brass  plate.  Fig.  2,  or  by 
figures,  or  signs  of  the  zodiac,  which  are  attached  to  the  front  of 
the  case,  Fig.  i.  The  space  between  the  hours  is  divided  into  ten 
parts  on  a  separate  brass  scale.  When  such  wall  clocks  have  a 
striking  part,  this  is  placed  in  the  weight,  and  is  set  off  by  a  projec- 
tion on  the  back  of  the  figures.  On  the  right  hand  side  of  such 
clocks  there  is  sometimes  a  scale  of  ten  equal  parts  which  are  each 
divided  into  ten  so  that  the  hour  which  corresponds  to  ours  is 
divided  into  five  equal  parts.  When  the  brass  plate  is  engraved  it 
is  divided  vertically  to  indicate  the  months  of  the  year.     This  divi- 
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sion  reading  from  left  to  right  is  for  the  months,  the  word  middle 
meaning  the  middle  of  the  month, 

Middle  Middle  Middle  Middle 

December.     December.    October.      September.    September.    August. 

November.     November.     October.        January.     January.        February.      February. 

Middle  Middle 

August.         July.  July*  June. 

March.  March.  April.         "  April.         May.  May. 

because  at  these  times  the  hours  were  equal.  A  curve  runs  across 
them  to  give  the  hours,  but  as  the  hours  are  of  different  lengths  in 
different  seasons,  the  two  vertical  sides  are  graduated  differently  and 
the  logarithmic  curve  which  connects  the  two  sides  shows  the  varia- 
tions of  the  hours.  The  brass  plate  is  divided  on  the  left  with  num- 
bers which,  commencing  at  the  top  are  in  the  following  order :  6,  5, 
4i  9.  8,  7,  6,  5, 4,  9. 8,  7 ;  and  on  the  right  hand  side  with  the  signs 
of  the  zodiac,  commencing  with  the  cock,  which  corresponds  to  6, 
and  ending  with  the  ape,  which  corresponds  to  7.  The  hand  is 
attached  to  a  loop  fastened  on  to  the  'weight  and  is  moved  hori- 
zontally over  the  plate  to  the  month  and,  descending,  points  to  the 
exact  hour  and  divisions  of  the  hour  for  that  month.  The  follow- 
ing  month  it  has  to  be  moved  to  the  next  division  and  at  the  end 
of  the  year  moved  back  again.  The  whole  front  of  such  clocks  is 
movable  and  is  kept  in  place  by  two  brass  pins.  In  such  clocks  as 
these  there  is  always  a  small  drawer  in  the  bottom  of  the  case  to 
receive  the  key.  Those  which  have  no  striking  part  are  wound  from 
the  projection  of  the  arbor  on  the  barrel,  as  with  us,  which  is  always 
turned  in  spiral  grooves  to  receive  the  cord.  In  those  which  have 
a  striking  part,  it  is  wound,  when  the  clock  is  wound  up,  from  a 
hole  in  the  case  at  the  top.  The  works  of  these  clocks  are  covered 
by  a  box  from  which  the  top  and  bottom  is  removed.  They  fit 
into  a  horizontal  projection  on  the  back  of  the  clock,  parallel  to 
the  clock  case,  and  to  others  at  the  bottom  at  right  angles  to  it, 
and  are  held  in  place  at  the  top  by  a  segment  of  a  circle  in  brass, 
which  moves  on  a  pivot. 

The  shelf  clocks  are  enclosed  in  highly  ornamented  brass  cases. 
The  sides  and  upper  part  of  the  case,  and  of  the  clock  case  itself^ 
are  ornamented  with  all  the  art  for  which  in  metal  work  the  Japanese 
are  so  famous  and  have  no  superiors.  Pieces  of  cloisonne  of  inlaid 
and  repousse  metal  of  wire  gauze  to  let  out  the  sound  of  the  bell, 
with  curious  forms  of  animals,  flowers  and  trees,  and  every  other 
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device  which  forms  the  ideas  of  beauty  of  these  very  interesting 
people.  The  clock  is  set  upon  a  wooden  base,  and  is  enclosed  in 
a  case  made  of  some  hard  wood,  which  fig.  2. 

is  opened  by  two  sliding  doors,  one  at 
the  front  and  one  at  the  back.  They  are 
usually  0.18  m.  high,  and  0.14  m.  wide 
and  0.10  m.  deep.  They  are  sometimes 
smaller  than  this,  but  rarely  larger. 
They  do  or  do  not  have  an  alarm.  In 
the  alarms  the  starting  of  the  bell  is  done 
by  a  steel  pin  inserted  in  that  part  of  the 
dial  which  represents  the  night  hours, 
which,  when  it  comes  round  to  the  hour, 
sets  the  alarm  off.  In  this  case  the  hand 
moves,  but  in  all  others  the  hand  is  station- 
ary and  the  dial  moves.  The  month  and 
the  day  of  the  month  are  usually  shown. 
These  are  placed  either  on  the  upper  or 
lower  part  of  the  face,  in  which  case  the 
signs  of  the  zodiac  are  on  the  left  side, 
and  i}a^jik-kan  on  the  right,  or  they  arc 
placed  on  the  left  side  only,  in  which 
case  the  signs  of  the  zodiac  are  above. 
In  this  case  there  is  a  third  segment  of  a 
wheel  with  the  signs  long  and  short  on 
it  to  indicate  the  character  of  the  month. 
All  of  these  move  with  the'  clockwork. 
The  escapements  are  all  verges  and  either 
have  the  arms  with  weights  like  the  other 
clocks,  one  of  these  being  used  for  the 
day  and  one  for  the  night,  or  balance 
wheels.  They  are  always  placed  in  very 
highly  ornamented  wooden  cases,  either 
of  ebony  or  some  dark  red  wood,  which 
are  ornamented  with  gauze  or  cloisonne. 
The  drawer  for  the  key  is  sometimes  in 
this  outside  case  and  sometimes  in  the 
wooden  case  attached  to  the  bottom  of 
the  clock.  The  works  are  always  of 
brass  and  sometimes  are  run  by  means 
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of  a  catgut  and  sometimes  with  a  chain.  The  catgut  used  for  the 
purpose  is  not  like  that  which  we  use,  but  is  twisted  in  strands  like 
a  string.  The  bell  is  always  on  top  and  the  same  bell  serves  for 
the  alarm  and  for  the  striking  parts,  when  there  is  one.  The  work- 
manship of  these  clocks  is  usually  very  fine,  both  as  to  the  clock- 
work and  the  metal  case  in  which  they  are  placed,  and  the  engrav- 
ing on  the  outside  of  the  brass  work  is  very  elaborate.     As  they 


are  simply  curios  now,  they  are  not  much  esteemed  by  the  Japan- 
ese and,  except  in  the  curio  shops  in  the  large  cities,  can  be  had 
for  a  very  small  price. 

The  locking  plate  of  the  striking  part  in  the  very  old  clocks  is 
peculiarly  cut.  In  all  the  older  clocks  the  half  hour  between  g 
and  8  is  indicated  by  one  stroke  of  the  bell,  but  between  8  and  7 
by  two  strokes.     This  gives  at  once  the  idea  of  the  time,  for  if  the 
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previous  hour  has  been  an  odd  number  and  the  following  one  is 
to  be  consequently  an  even  one,  there  will  be  but  one  stroke  of 
the  bell.  If  on  the  contrary  the  previous  hour  has  been  of  an 
even  number  and  the  following  is  to  be  odd  there  will  be  two.  In 
the  more  modern  ones  there  is  but  one  stroke  between  the  hours. 
When  foreign  ideas  began  to  be  adopted  some  of  these  clocks 
were  sent  to  Switzerland,  and  were  made  to  set  off  musical  boxes 
at  the  hours,  but  while  the  works  and  cases  of  these  clocks  are 
usually  of  the  finest  description,  the  musical  part  is  of  the  com- 
monest kmd. 


I  have  one  clock.  Fig.  4,  which  shows  on  the  outside  of  the  dial 
the  position  of  the  constellations,  next  to  them  the  figures  on  one 
side  of  the  circle,  the  signs  of  the  zodiac  on  the  other,  the  loga- 
rilhniic  curve  joining  them.  The  hand  is  moved  by  the  heart- 
shaped  groove,  so  common  in  the  clocks  of  the  last  century.  It 
also  shows  the  months,  the  days  of  the  month,  and  the  phases  of 
the  moon.  It  is  set  in  a  frame  of  dark-red  hard  wood  called 
ilukan,  but  it  is  a  very  uncommon  form. 
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Almost  all  of  these  clocks  show  the  month  and  the  cycle,  which 
is  shown  on  the  front  by  wheels,  which  show  through  a  square 
hole  in  the  case  the  names  of  the  cycle.  One  of  these  wheels  is 
graduated  to  ten  to  show  the  jik-kan,  and  the  other  to  the  twelve, 
and  shows  signs  of  the  zodiac.  They  move  together  so  that  the 
proper  names  are  always  shown. 


DIGEST  OF  THE  STUDIES   MADE  ON   THE  NATURE 

OF  THE  "  ORGANIC  NON-SUGAR  "  IN 

SACCHARINE  PRODUCTS. 

By  J.  A.  DEGHUfiE,  Ph.B.,  A.M. 

The  object  of  this  work  is  to  give  a  review  of  the  studies  that 
have  been  made  and  papers  that  have  been  written  upon  the  sub- 
ject of  **  Organic  Non-Sugar  "  in  saccharine  products,  preparatory 
to  an  investigation  of  the  organic  constituents  of  cane  juices. 

By  far  the  greater  amount  of  work  done  has  been  confined  to 
beet-sugar  products,  the  only  articles  of  much  importance  found 
in  regard  to  cane  being  those  of  Behr  and  Winter. 

Altogether  60  organic  compounds  have  been  mentioned  as  ex- 
isting in  non-sugar.     These  have  been  divided  into  three  classes : 

1.  Organic  Acids,  33. 

2.  Nitrogenous  Substances,  10. 

3.  Non-Nitrogenous  Substances,  17. 

They  have  been  arranged  in  the  form  of  an  index,  the  different 
substances,  in  their  respective  classes,  being  placed  in  alphabetical 
order.  Under  the  head  of  each  substance  are  given,  in  the  first 
column,  the  dates  of  publication  arranged  in  chronological  order, 
in  the  second  column  the  reference  numbers,  and  in  the  third  a  brief 
synopsis  of  the  contents  of  the  papers.  These  numbers,  arranged 
in  order,  each  with  the  reference  to  book  or  journal  and  title  of 
paper  given  in  full,  will  be  found  in  the  latter  part  of  the  work. 
The  books  and  journals  consulted  have  been  the  following : 
Die  Zuckerarten  und  ihre  Derivate,  v.  Lippmann ;  Handbuch 
der  Kohlenhydrate,  Tollens ;  Sugar  Analysis,  Wiechmann ;  Traite 
d* Analyse  des  Matieres  Sucrees,  Sidersky ;  Untersuchungen  iiber 
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das  Zuckerrohr,  Winter;  Sucre  et  Non-Sucre,  Stammer;  Zeit- 
schrift  des  Vereins  fiir  Riibenzucker  Industrie  (complete) ;  Neue 
Zeitschrift  fiir  Riibenzucker  Industrie  (complete) ;  Sucre  Indigene 
et  Coloniale  (1882-1 892,  Vols.  19-38);  Sugar  Cane  (complete) ; 
Berichte  der  Deutschen  Chemischen-Gesellschaft  (complete) ; 
Chemical  News  (complete);  Chemiker  Zeitung  (1882  to  1892). 

Organic  Acids. 

Acetic,  QH4O2 ;  Aconitic,  C^H^O^ ;  Adipic,  CjH,0O4 ;  Apoglucic, 
C18H10O9;  Arabic,  CgHjoOy ;  Aspartic,  C4HyN04 ;  Butyric,  C4H8O2; 
Canna,  C^fl^jL>xi\  Citric,  C^HgOy;  Formic,  CHjO,;  Glucic,  C,3H,g 
0,;  Glutamic,  C^H,N04 ;  Glutaric,  Cj}\fi^\  Glutimic,  C5H7NO3; 
Glycollic,  C2H4O5 ;  Glyoxalic,  C,H,Oj,;  Humic,  Cj4H,^,0,o;  Lactic, 
CjHjOj;  Malic,  C4HJO5 ;  Malonic,  C8H4O4;  Melassic,  C^VifiJ^f)', 
Metapectic,  C8HHJO7.2H2Q;  Oxalic,  H2C2O4 ;  Oxy-CitriCgCgHgOg; 
aOxy- Glutaric,  C^HgOj ;  Parapectic,  CJ4H30O21 ;  Pectic,  Ci^Hj^Ou 
2H2O;  Propionic,  CjH^Oj;  Succinite,  C4HJO4;  Sacculmic,  C44H4Q 
0,^;    Tartaric,  C4H^05 ;  Tricarballylic,  C^HgOj;  Ulmic,  C2„H,405. 

Nitrogenous  Substances. 

Albumen  ;  Asparagin,  C4H8N2O3;  Beta'in,  CgHnNOji  Cholin, 
CjHjgNOj;  Glutamine,  C5H,(,N205;  Legumin ;  Leucin,  CgH^NOj ; 
Protagon  ;   Trimethylamine,  CjHyN  ;  Tyrosin,  C^HnNO,. 

NoN- Nitrogenous  Substances. 

Arabinose,  CgHijOg ;  Cholesterin,  C25H4QO ;  Coloring  Matter ; 
Coniferin,  C,^H220g ;  Dextran,  C^Hj^O^ ;  Extractive  Matter;  Fats 
and  Oils;  Gummy  Matter;  Isocholesterin,  C2gH4^09;  Parapectin, 
CaH4g03i;  Pararabin,  C,2H220ii;  Pectin,  C32H4gOg2;  Pectose,  (Cj 
H502)n;  Phytosterin,  (C2eH440)  ?;  Pyrocatechin,  C9H,o04;  Vanil- 
lin, CgHgOg;  Viscose,  CeHioO^. 

Acetic  Acid,  C2H4O3. 

Year.        Rcf.  No. 

1875         93         BiRNBAUM  AND  KoKEN.     Identified  in  the  liquid 

from  the  save-all  of  the  vacuum-pans.  Pre- 
pared by  extracting  with  ether,  forming  the 
ethyl  ether  and  then  fractioning. 
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Year.        Ref.  No. 

1 879  I         BiTTMANN.  Not  present  in  the  untreated  beet-juice. 

It  is  a  product  of  fermentation. 
1885         44         Teixeira  Mendes.     Method  of  Determination. 
1 891         58         Winter.     Is  found  in  cane-molasses. 

AcoNiTic  Acid,  QH^Og. 

1877         28         Behr.     Discovered  in  cane-juice  by  Behr,  1877. 

Method  of  preparation. 

1879  I         BiTTMANN.     Found  both  in  cane  and  beet  juices. 

1882  70  Parsons.  Found  in  the  pan  incrustations  of  sor- 
ghum sugar-works. 

Adipic  Acid,  QHjqO^. 

1 89 1         26         V.  LiPPMANN.     Found  in  the  calcium  precipitate 

which  is  produced  during  the  treatment  of  beet- 
juice, 

Apoglucic  Acid,  CjgHioOj. 

1879  ^         BiTTMANN.     Produced  by  the  action  of  alkali  on 

glucose. 
1888         51         Winter.     Found  in  cane-juice. 

Arabic  Acid,  CgHioOy. 

1873  22  Scheibler.  Discovered  by  Scheibler  to  be  iden- 
tical with  metapectic  acid. 

1879  ^4         Wachtel.     Preparation    and    properties.      (See 

also  Lippmann,  56.) 

1880  36         Lippmann.     Usually  found  as  a  calcium  salt. 

AsPARTic  Acid,  QHyNO^. 

1866         10        Scheibler.     A  decomposition  product  of  aspara- 

gin.     Method  of  preparation,  properties,  etc. 

Butyric  Acid,  QH^O,. 

1875         93         Birnbaum  and  Koken.      Identified  in  the  liquid 

from  the  save-all  of  the  vacuum  pans.  Pre- 
pared by  extracting  with  ether,  forming  the 
ethyl  ether  and  then  fractioning. 
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1879  I  BiTTMANN.     Not  present  in  untreated  beet  juice. 

It  is  a  product  of  fermentation. 
1885         44        Teixeira  Menoes.     Method  of  determination. 
1 89 1         58        Winter.     Found  in  cane  molasses. 

Canna  Acid,  ChHi^Oij. 

1891         58         Winter.   Discovered  by  H.  Winter,  189 i.   Prepa- 
ration and  properties. 

Citric  Acid,  QHgOy. 

1852  4  MiCHAELis.     Said  to  be  present  in  beets  prior  to 

1849. 
1879  I  BiTTMANN.     Found  in  beets  as  a  salt  of  an  alkali 

or  alkaline  earth. 
1888         51         Winter.      Thought  not  to  be  present  in   cane 

juice. 
1891         58        Winter.     Not  found  in  cane  molasses. 

Formic  Acid,  CHjOj. 

^^75         93         BiRNBAUM  AND  KoKEN.     Identified  in  the  liquid 

from  the  save-all  of  the  vacuum  pans.  Prepared 
by  agitation  with  ether,  forming  the  ethyl  ether 
and  then  fractioning. 

1879  ^  BiTTMANN.     Not  present  in  untreated  beet  juice. 

It  is  a  product  of  fermentation. 

1885         44        Teixeira  Mendes.     Method  of  determination. 

1891         58        Winter.     Not  found  in  cane  molasses. 

Glucic  Acid,  C^HigOg. 

1839        99         Reich ARDT.     Discovered  by  Peligot  in  a  sucrate 

of  calcium  solution,  which  had  decomposed  on 
standing  for  several  months.  It  was  named  po- 
tassium saccharic  by  him.  Called  "  Glucic 
Acid  "  by  Dumas. 

1874  97         Teixeira  Mendes.    Violet  color  sometimes  found 

in  beet  juice  due  to  the  presence  of  an  iron  salt 
of  glucic  acid. 

1875  100       BoDENBENDER,     Above  confirmed. 
VOL.  xiii. — 22 
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1879  ^  BiTTMANN.     Produced  by  the  action  of  alkali  on 

glucose. 
1888         51         Winter.     Found  in  cane  juice  by  Winter. 

Glutamic  Acid,  QHgNO^.   * 

1869         15         ScHEiBLER.     Discovered  by  Scheibler  1869. 

1 877         3 1         BoDENBENDER  AND  Pauli.     Presence  in  beet  juice 

confirmed. 
1884        71         ScHEiBLER.     Properties,  etc. 

Glutaric  Acid,  CaHgO^. 

1 89 1         26        LiPPMANN.      Discovered    by     Lippmann,    1891. 

Found  in  the  calcium  precipitate  which  is  pro- 
duced during  the  treatment  of  beet  juice. 

Glutimic  Acid,  QHyNO,. 

1884        78         Lippmann.      Discovered    by    Lippmann,    1884. 

Identical  with  the  "  pyroglutamic  acid  "  of  Hait- 
inger. 

Glycollic  Acid,  CaH^O,. 

1 89 1         26        V.  Lippmann.     Discovered  by  v.  Lippmann,  1891. 

Found  in  the  calcium  precipitate  which  is  formed 
during  the  treatment  of  beet  juice. 

Glyoxalic  Acid,  CjHjO,. 
1 89 1         26        Lippmann.     Found  in  very  young  beets. 

HuMic  Acid,  C^yPx^* 

1867         12        SosTMANN.     Supposed  to  be  a  constituent  of  the 

red  coloring  matter  of  beet  juice.  Is  an  oxida- 
tion product  of  a  colorless  substance  in  the 
beet. 

Lactic  Acid,  CjHgO,. 

1879  I  BiTTMANN.     Not  present  in  untreated  beet  juice. 

It  is  a  product  of  fermentation. 
1 89 1         58        Winter.        Not  found  in  cane  molasses. 


I 


f 

I 
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Malic  Acid,  QH^O^. 

1877         92         SiCKEL.      Claimed  to  have  been   discovered   by 

Payen  and  Braconnot.  It  is  doubtful  whether 
the  compounds  prepared  by  them  were  really 
malic  acid.     (See  also  Lippmann,  26.) 

1879  I  BiTTMANN.     Found  in  the  beet  as  a  salt  of  an 

alkali  or  alkaline  earth. 

1888         51         Winter.     Identified  in  cane  juice. 

1890  91         LiPPMANN.     Was  known  to  exist  in  beets  forty 

years  ago. 

1891  26         LiPPMANN.     Found    in    the    calcium   precipitate 

which  is  produced  during  the  treatment  of  beet 
juice.  Preparation,  properties,  etc.  Rotatory 
power.     Only  the  laevo-variety  is  found. 

Malonic  Acid,  C3H4O4. 

1 88 1         65         V.  LiPPMANN.     Discovered  in  incrustations  of  the 

vacuum  pans  by  v.  Lippmann ;  the  first  occur- 
rence of  this  acid  ready-formed  in  nature.  Prepa- 
ration, properties  and  analysis. 

1883         42         V.  LiPPMANN.     Found  in  the  concentrated  juice  of 

unripe  or  decomposed  beets. 

Melassic  Acid,  QH^08(?). 

1 879  I  BiTTMANN.     Produced  by  the  action  of  an  alkali  on 

glucose. 

Metapectic  Acid,  C8Hu,072H20. 

1852  4  Michaelis.     Determined   by  Michaelis  in  juice 

of  beets  prior  to  1849. 

1868         13         ScHEiBLER.     Discovery  credited  to  Fremy,  i860. 

(Compt.  Rend.,  48,  p.  202).  Produced  by  the 
action  of  acid  or  alkali  on  pectose.  It  is  strongly 
laevo-rotatory.  Is  a  glucoside.  Sugar  formed 
by  its  decomposition  called  "  Pectinose." 

1873         22         ScHEiBLER.     Provcd  to  be  identical  with  arabic 

acid.  Sometimes  found  in  a  soluble,  sometimes 
in  an  insoluble  form. 
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1888  80        Battut.      Laevo-rotatory  when   produced   from 

pectose  by  the  action  of  an  alkali,  dextro-rota- 
tory when  produced  by  the  action  of  hydro- 
chloric acid.  In  the  latter  case  it  reduces  alka- 
line copper  solution. 

1889  84        Weisberg.    Converted  into  arabinose  by  sulphuric 

acid. 
1 89 1         53         Herzfeld.     General  properties. 

Oxalic  Acid,  H2C2O4. 

1866         II         Scheibler.      Discovered    by  Pelouze    in    1831. 

(Dingler's  Journ.,  vol.  43,  p.  49). 

1 879  I    '     BiTTMANN.     Found  in  the  beet  as  a  salt  of  an  alkali 

or  alkaline  earth. 

1888  51  Winter.  Believed  not  to  be  present  in  cane- 
juice. 

OxY-CiTRic  Acid,  C^HgOg. 

1883         42         v.  LiPPMANN.    Discovered  by  v.  Lippmann,  1883. 

Found  in  the  concentrated  juice  of  unripe  beets. 
It  is  optically  inactive,  although  it  contains  an 
asymmetric  carbon  atom. 

aOxY-GLUTARIC   AciD,  CjHgOj. 

1882         39        V.  LiPPMANN.     Discovered  by  v.  Lippmann,  1882. 
1891         26        v.  Lippmann.     Dextro-modification  said  to  have 

been  found  in  beet  juice. 

Parapectic  Acid,  Q^^^2Yijd, 

1852  4  Michaelis.     Determined  in  beets  prior  to  1849. 

1879  I  BiTTMANN.     Is  a  conversion  product  of  pectose. 

1890  52         Herzfeld.     Preparation,  properties,  etc. 

Pectic  Acid,  Qy^^f^yfiWjd. 

1 879  I  BiTTMANN.     Is  a  conversion  product  of  pectose. 

1890         79         Sidersky.      Formed  by  the  action  of  alkali  on 

pectin.     Converted  into  parapectic  acid  by  heat 

or  acids. 


t 
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Propionic  Acid,  CsH^Oj. 

1879  I  BiTTMANN.     Not  present  in  untreated  beet-juice. 

Is  a  product  of  fermentation. 

Succinic  Acid,  CJ^fi^. 

1879  I  BiTTMANN.     Not  normally  present  in  beet-juice. 

May  be  produced  by  a  kind  of  fermentation 
from  asparagin  or  from  malic  acid.  Is  a  con- 
stant product  of  alcoholic  fermentation. 

1888  5 1         Winter.     Found  in  cane  juice  by  Winter. 

1 89 1         26         LJPPMANN.      Found   in   the   calcium   precipitate 

which  is  produced  during  the  treatment  of  beet- 
juice. 

Sacculmic  Acid  (Ci^H^^Oi^). 

1889  75         Diguet.     Discovered  by  Sestini.     First  found  in 

molasses  by  Diguet.     Properties,  etc. 

Tartaric  Acid,  QH^O^. 

1879  I  BiTTMANN.     Its  presence  in  beets  not  definitely 

determined  up  to  1879. 
1888         51         Winter.      Believed  not  to  be  present  in  cane 

juice. 
1 89 1         26         LiPPMANN.      Is  found  in  the  calcium  precipitate 

which  is  formed  during  the  treatment  of  beet 

juice.     Also  found  in  the  juice  of  unripe  beets. 

Optical  properties,  etc.    Only  the  dextro  variety 

is  found. 

Tricarballylic  Acid,  QHgO^. 

1878  32         LiPPMANN.     Discovered  by  v.  Lippmann,   1878. 

Doubtful  whether  it  is  present  normally  in  the 
beet  juice  or  whether  it  is  a  product  of  decom- 
position of  citric  acid. 

1879  2  Wehr.     Supposed  to  be  formed  from  citric  acid. 

Ulmic  Acid,  Ca^Hi^Oj. 

1867         12         SosTMANN.  A  constituent  of  the  red  coloring  matter 

of  beet  juice,  which  is  an  oxidation  product  of 
a  colorless  substance  in  the  beet. 


1879 

I 

i88i 

66 

1890 

79 
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1879  I  BiTTMANN.     Produced  by  the  action  of  an  alkali 

on  glucose. 
1888         5 1         Winter,     Found  in  cane  juice  by  Winter. 

Albumen. 

1852  4  MiCHAELis.     Determined  in  beets  prior  to  1849. 

1879  I  BiTTMANN.     Found  in  beet-juice  before  treatment. 

Is  laevo-rotatory. 

ASPARAGIN,  C^HgNjOj. 

1850         10        ScHiEBLER.     Discovery  attributed  to   Rossigon. 

First  mentioned  by  Dubrunfaut. 
1873         21         Sachsse.     Proposal  to  determine  the  quantity  by 

the  amount  of  ammonia  which  is  produced  by 
its  decomposition. 
BiTTMANN.     Not  found  in  cane  juice. 
Becker.     Optical  properties. 
SiDERSKY.     Is  an  amide  of  malic  acid.     Not  pre- 
cipitated by  sub-acetate  of  lead.     By  heating 
with  lime,  it  is  decomposed  into  ammonia  and 
aspartic  acid.     It  is  laevo-rotatory  in  alkaline 
solution,  dextro-rotatory  in  acid  solution. 

Beta'in,  C5H11NO2. 

1869  14         Scheibler.     Discovered   by   Scheibler  in  1866. 

Identity  not  established  until  1869.  Extracted 
by  means  of  phospho-molybdate  of  sodium. 
When  boiled  with  alkali,  trimethylamine  is 
formed. 

1870  16        Scheibler.     The  quantity  varies  greatly  in  dif- 

ferent juices.  Ripe  beets  contain  less  than  the 
unripe.     It  is  identical  with  oxyneurin. 

1877  85  Fruehling  and  Schulz.  New  method  of  prepa- 
ration. 

1879  I  BiTTMANN.     Not  found  in  cane-juice.     Does  not 

act  on  polarized  light. 

Cholin,  C5H14NO2. 

1888        47         Lippmann.     Discovered    by  v.  Lippmann,  1888. 

Preparation  and  analysis. 


> 
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Glutamine,  CgHiflNjOj. 

1877  29        ScHULZE  AND  Uriche.     Discovered  by  Schuize 

andUriche,  1877.  The  particular  sample  ex- 
amined contained  0.45  per  cent. 

1883         55         ScHULZE  AND  BossHARD.     Preparation,  properties 

and  analysis.  Precipitated  by  mercuric  nitrate. 
Is  homologous  with  asparagin. 

1885         45         ScHULZE  AND  BossHARD.     Optical  activity. 

1890         79         SiDERSKY.     Decomposed   by  heating  with   lime, 

into  ammonia  and  glutamic  acid. 

Legumin. 

1879  ^  BiTTMANN.     Found  in  untreated  beet-juice.      Is 

not  coagulated  on  boiling. 

Leucin,  QH13NO,. 

1885         43         V.  LippMANN.     Discoveredby  V.  Lippmann,  1885. 

Optically  active.  Analysis,  etc.  Thought  to 
be  present  in  beet-juice  long  before  the  date  of 
its  discovery. 

Protagon. 

1874         24        Scheibler.     Discovered  by  Scheibler. 

187s         25         JUBERT.     Claim  that    substance   discovered    by 

Scheibler  is  a  vegetable  ferment. 
1876         27         BoRSCHTSCHOFF.     Both  theories  refuted. 

1878  34        CiENKOwsKi.     Ferment  theory  supported. 

Trimethylamin,  QHgN. 

1879  Formed  from  Betam  by  the  action  of  alkali  and 

water. 

TyROSIN,  C9H11NO3. 

1885         43         Lippmann.     Discovered  by  v.  Lippmann  in  1884. 

Analysis.  Optical  properties.  Had  been  sup- 
posed to  be  present  in  beet-juice  long  before  the 
date  of  its  discovery. 
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Arabinose,  CgHioOj. 

1868         13         ScHEiBLER.     Discovered  by  Scheibler  in    1868. 

He  gave  it  the  formula  CiiH^Ou  (old  system). 

Called  it  "  pectinose  "  or  "  pectin  sugar." 
1880         36         LiPPMANN.     Formed  by  the  action  of  sulphuric 

acid  on  arabic  acid.     (Also  see  Sidersky,  79). 
1884        86         LiPPMANN.     Properties,  etc. 
1887         87         LiPPMANN.     Real  formula  found  to  be  CjHi^Oj. 

1889  88         WoHL  AND  NiESSEN.     Method  of  extraction  from 

beets. 

1 890  79        Sidersky.     Is  dextro-rotatory. 

1 89 1  89         Tollens.     Gives  certain  color  reactions. 

Cholesterin,  Ca5H40O. 

1874         24        Scheibler.      Discovered    by    Scheibler,     1874. 

Found  in  an  alcoholic  extract  of  gelatinized 
beet-juice. 

Coloring  Matter. 

1867         12         SosTMAN.     First  studied  by  Zier  in  1839. 

1879         60        V.  Wachtel.     That  of  beets  seems  to  act  as  an 

acid. 

1879        60        Wachtel.    The  outer  part  of  the  beet  contains 

more  chromogen  than  the  inner.  It  is  very 
unstable.  Preparation  and  properties.  Color 
was  supposed  to  be  formed  by  the  iron  knives 
used  in  cutting  the  beets.     This  is  disproved. 

1879        63         Wachtel.     Proof  of  the  absence  of  iron    and 

presence  of  nitrogen. 

1882         40        Strohmer.     Chromogen  is  called  "Rhodogen" 

by  Reinke.  The  coloring  matter  produced  by 
the  oxidation  of  this  is  called  "Beta-red." 
The  latter  is  believed  to  belong  to  the  aromatic 
series. 

CONIFERIN,    CigHjjOg. 

1HK3         41         LiPPMANN.     Discovered  by  v.  Lippmann  in  1883. 

Found  in  the  insoluble  part  of  the  beet.  Pro- 
duces vanillin  on  oxidation. 
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1890        79        SiDERSKY.     Gives  a  characteristic  blue  color  with 

phenol. 


1874        24 


1 876         27 


1882 

69 

1888 

72 

1888 

51 

I89I 

58 

1852 

4 

1857 

8 

Dextran,  QHiqO^. 

ScHEiBLER.  Anhydride  of  glucose,  sometimes 
found  in  beet-juice  as  a  product  of  the  life  of 
the  Schizomycetes,  Leuconostoc  Mesente- 
roides  Cienk. 

BoRSCHTSCHOFF.  Is  the  main  constituent  of  the 
gums  of  beet-juice.  More  like  pectin  than 
like  a  carbo-hydrate. 

Bauer.    Origin  and  nature.  , 

Weissberg.     Extraction. 

Winter.     Sometimes  formed  in  cane-juice. 

Winter.     Found  in  cane-juice. 

Extractive  Matter. 

Michaelis.     Studied  prior  to  1849. 
MiCHAELis,     Not  completely  precipitated  by  lead 
acetate. 


1879 


1855         7 
1876        27 


1879 


Fats  and  Oils. 

BiTTMANN.  Only  present  in  beet-juice  in  very 
small  quantities. 

Gummy  Matter. 

Michaelis.  Claim  that  it  is  not  found  in  the  juice 
of  uninjured  beets. 

BoRSCHTSCHOFF.  Decided  by  BorschtschoflF  to  be 
composed  of  non-nitrogenous  bodies.  Its  prin- 
cipal constituent  is  dextran. 

BiTTMANN.     Very  little  definitely  known. 


1888 


ISOCHOLESTERIN,    CjjH^jjOy. 

50         KoLLREPP.       Discovered     by     Kollrepp,    1888 
Doubtful  if  the   substance  found  is    identical 
with  the  above.     Preparation  and  properties. 


324  THE  QUARTERLY. 

Year.        Ref.  No. 

Parapectin,   CajH^jOji. 

1 89 1         79        SiDERSKY.     Formed  by  heating  pectin  with  water. 

Properties,  etc.     (See  Pectin). 

Pararabin,  CijHjjOii. 

1875         95         Reichardt.     Discovered    by    Reichardt,    1875. 

Preparation  and  properties. 

Pectin,  CjjH^jOjb. 

1852         4  Michaelis.     Determined  in   beet-juice  prior  to 

1849. 
185  s  7  Michaelis.     Claim  that  it  is  not  found  in  the 

juice  of  uninjured  beets. 
1888         5 1         Winter.     Found  in  cane-juice  by  Winter. 
1888         73         Chevron.     Preparation  and  properties. 

1888  80         Battut.     Does  not  reduce  Fehhngis  solution.  Is 

dextro-rotatory.     Converted  into  pectic  acid  by 
alkali. 

1889  76        Beaudet.     Formation,  etc. 

1889  jj        Weisberg.     Influence  on  the  analysis   of  beet- 

juice. 

1 89 1  53  Herzfeld.  Said  to  be  a  mixture  of  several  com- 
pounds. 

I891         79        SiDERSKY.     Forms  a  gelatinous  mass  with  water. 

Converted  into  metapectic  acid  by  acids. 

Pectose. 

1852         4         Michaelis.     Determined  in  beets  prior  to  1849. 

1879  I  BiTTMANN.     Determined  by  conversion  into  pec- 

tic acid. 

1888  80  Battut.  General  properties  and  action  on  polar- 
ized light. 

1890  79        SiDERSKY.     Converted    into  pectin   as  the  beet 

ripens,  it  is  supposed  by  the  action  of  pectase. 

Phytosterin,  C25H440.  (?). 

1887        47        v.  LiPPMANN.     Discovered  by  v.  Lippmann,  1887. 

Separation  and  analysis. 
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PVROCATECHIN,   CgH^O,. 
1888         48         V.  LiPPMANN.     Discovered  by  v.  Lippmann,  i88t 

Preparation,  etc. 
1888         49         WoHL.     Has  a  strong  reducing  action  on  Feh! 

ing's  solution. 

Vanillin,  QHgOj. 

1880         54         ScHEiBLER.     Discoverered    by  Scheibler,    i88c 

Preparation  and  properties, 

1880  35         V.  Lippmann.     Is  the  first  benzol  derivative  eve 

found  in  sugar. 
1883         41         V.  Lippmann.     Produced  by  the  decomposition  0 
coniferin. 

Viscose,  C,H„0.. 

1 88 1  67        Bechamp.       Discovered     by     Bechamp,      1 88 1 

Preparation,  properties  and  analysis. 
18S1         68         ScHEiBLEB.     Immediately  proved  to  be  identica 
with  dextran. 

Key  to  Letters  Used  in  the  Second  Column  of  the  Ref 
ERENCE  Index. 
A — Zeitschrift  des  Vereins  fur  Riibenzucker  Industrie. 
B — Neue  Zeitschrift  fur  Rubenzucker  Industrie. 
C — Chemical  News. 

D — Berichte  der  Deutchen  Chemischen  Qesellschaft. 
E — Chemiker  Zeitung. 
F — Sucrerie  Indigene  et  Coloniale. 
G — Die  Zuckerarten  und  ihre  Derivate,  v.  Lippmann. 
H — Berichte  der  Versuchstation  fur  Zuckerrohr. 
I — Untersuchungen  uber  das  Zuckerrohr. 
K — Sugar  Cane. 
L — Liebig's  Annalen. 

No.  Journal.  Title. 

1         A     1879,         BiTTMASN.     Nachweisung  und  Bestimmunj 
V.  29,  p.  882         der    Oi^anischcn    NichtzuckerstofTe    de 
Salpetersaure  und  des  Ammoniaks  in  Rii 
bensaften,  etc. 


No. 

Journal. 

2 

A  1879, 

V.  29,  p.  879 

B  1879, 

V.  3,  p.  160 

3 

A  1879, 

V.  29,  p.  1066 

4 

A  1852, 

V.  2,  p.  64 
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TiUe. 

F.  Wehr.  Ueber  das  Vorkommen  der  Tri- 
carballylsaure  im  Schlamme  der  Robert'- 
schen  Korper. 

V.  LiPPMANN.  Ueber  das  Vorkommen  von 
Tricarballylsaure  und  Aconitsaure  im  Ru- 
bensaft 

MiCHAELis.  Versuche  zur  Begrundung  des 
ihm  patentirten  Verfahrens,  anlangend  die 
Beseitigung  des  Verlustes  an  Zuckcr  bei 
der  Scheidung  des  Riibensaftes  und  die 
Gewinnung  einer  reineren  Zuckermasse 
aus  demselben. 

5  A     1853,        MiCHAELis.     Fortsetzung  der  Versuche  zur 
V.  3,  p.  448  Begrundung  des  mir  patentirten  Verfah- 
rens. 

6  A     1855,         MiCHAELis.     Fortsetzung  der  Versuche  zur 
V.  5,  p.  6i  Begrundung  des  mir  patentirten  Verfah- 
rens. 

7  A     1855,         MiCHAELis.     Beziehungen    der  angestellten 
V.  7,  p.  209  Versuche  zu  der  Fabrikation  des  Riiben- 

zuckers. 

8  A     1857,        MrcHAELis.      Nachtrage    zu    der    Vervoll- 
V-  7}  p«  39  standigung     der     quantitativen     Bestim- 

mungen  der  Bestandtheile  des  Riibensaftes 
und  Anleitung  zur  Analyse  der  Riibensafte. 

9  A     1864         F.  Stude.     Ueber  das  Pectin. 
V.  14,  p.  726 

10  A     1866,        Scheibler.     Beitrage   zur  naheren   Kennt- 
V.  16,  p.  222  niss   der  organischen    Bestandtheile    des 

Riibensaftes. 

11  A     1866,        Scheibler.     Beitrage   zur  naheren   Kennt 
V.  16,  p.  515  niss   der  organischen    Bestandtheile    des 

Riibensaftes. 

12  A     1867,        SosTMANN.     Ueber  den  Farbestoff  der  Riibe. 
V.  17,  p.  56 

13  A     1868,        Scheibler.    Untersuchungen  iiber  die  Meta- 
V.  1 8,  pp.  1 59, 294      pectinsaure  der  Zuckerriiben  und  iiber  neue 

Eigenschaften  derselben. 
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No. 
14 

Journal. 

A  1869, 

V.  19,  p.  549 
C  1869, 

15 

V.  20,  p.  107 
A  1869, 

1 

V.  19.  P-  553 

16 

A  1870, 

V.  20,  p.  20 

)             '7 

A  1 870. 
V.  20,  p.  208 

18 

A  1 870, 

V.  20,  p.  339 

19 

A  1 870, 

V.  20,  p.  352 

20 

A  1871, 

21 

V.  21,  p.  322 
A  1873, 

22 

V.  23,  p.  55 

A  1873, 
V.  23,  p.  288 

23 

A  1874, 

i 

V.  24,  p.  179 

24 

A  1874, 

V.  24,  p.  309 

25 

A  1875, 

26 

V.  25,  p.  105 
D  1891, 

V.  24,  p.  3299 

Title. 

ScHEiBLER.  Ueber  das  Betain,  eine  im  Safte 
der  Zuckerriiben  vorkommende  Pflanzen- 
base. 

ScHEiBLER.     Vorlaufige  Notiz  uber  das  Vor- 

kommen    einer   mit   der  Asparaginsaure 

homologen  neuen  Saure  in  den  Melassen 

der  Riibenzucker  Fabriken. 
ScHEiBLER.    Ueber  das   Betain   und    seine 

Constitution. 
ScHEiBLER.     Ueber    den    Betaingehalt    der 

Fullmass«n    und   Melassen   verschiedener 

Fabriken. 
Marschall.     Ueber    den    Einfluss    einiger 

organischer  und  unorganischer  Saize  auf 

das  Krystallisationsvermogen   des  Rohr- 

zuckers. 
ScHEiBLER.    Ueber  das  Vorkommen  dextrin- 

haltiger  Rohzucker  und  iiber  die  Nach- 

weisung  eines  Dextringehaltes  in  densel- 

ben. 
ScHEiBLER.     Ueber   die    Nachweisung    des 

Dextrins  in  den  Rohzuckern. 
Sachsse.     Ueber  eine  Methode  zur  quanti- 

tativen  Bestimmung  des  Asparagins. 

ScHEiBLER.     Ueber  normales    Rubengummi 
und   iiber   das   aus  dem   Riibensafte  sich 

bildende  Gahrungsgummi. 

ScHEiBLER.  Ueber  die  Darstellung  der 
Phospho-Wolframsaure  als  Fallungsmittel 
fiir  organische  Basen  insbesondere  zur  Ab- 
scheidung  des  Betains  aus  Riibensaften. 

ScHEiBLER.  Untersuchungen  iiber  die  Na- 
tur  der  gallertartigen  Ausscheidung  (sog. 
"  Froschlaich  **),  welche  bei  der  Saftgewin- 
nung  aus  Riiben  beobachtet  wird. 

JuBERT.     Ueber  das  Gummi  der  Riibensafte. 

V.  LiPPMANN.     Ueber  organische  Sauren  aus 
Riibensaft. 
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No.  Journal.  Title. 

B  1891, 
V.  27,  p.  194 

A  1892, 
V.  42,  p.  137 

27  A     1876,         BoRSCHTSCHOFF.      Die    gallertartigen    Sub- 
V.  26,  p.  738  stanzen  der  Rubensafte  und  S)mipe. 

28  A     1877,        A.   Behr.       Ueber    das    Vorkommen    von 
V.  27,  p.  1 1 1  Aconitsaure  im  Zuckerrohrsaft  und  Colo- 

D    1877,  nialrohzucker. 

V.  10,  p.  351 

C  1877, 
V.  35,  p.  104 

29  A     1877,        ScHULZE  u.  Urich.      Ueber    die    stickstoff- 
V.  27,  p.  32 1  haltigen  Bestandtheile  der  Runkelruben. 

D    1877, 

V.  10,  p.  85 

B      1878, 

V.  I,  p.  7 

30  A     1877,  Fruhling  u.  Schultz.     Neue  Darstellung 
V.  27,  p.  469  von  Betain. 

31  A     1877,  BoDENBENDER  u.  Pauly.      Ueber  das  Vor- 
V.  27,  p.  965  kommen  einiger  Sauren  in  der  Melasse. 

32  A     1878,  V.  LiPPMANN.      Ueber  das  Vorkommen  von 
V.  28,  p.  365  Tricarballylsaure  im  Rubensafte. 

D     1878, 

V.  11,  p.  707 

B      1879, 

V.  3»  P-  179 

33  A     1878,         Laugier.     Die  Bestimmung  einiger  naherer 

V.  28,  p.  804  Bestandtheile  des  Nichtzuckers  in  Riiben- 

saften,  Zuckern,  u.  s.  w. 

34  A     1878,  CiENKovvsKi.     Die  Riibengallerte. 
V.  28,  p.  10 1 7 

35  A     1880,  V.  LiPPMANN.      Ueber  das  Vorkommen  von 
V.  30,  p.  134  Vanillin  in  Rohzuckern. 

36  A     1880,  V.  LiPPMANN.     Ueber  das  Vorhandensein  von 
V-  30,  p.  342  Arabinsaure  in  Zuckerkalk. 

37  A     1880,  Bodenbender  u.  Ihlee.      Studien   uber  die 
V.  30,  p.  647  Formen  des  in  der  Melasse  wie  den  Pro- 
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Journal.  Title. 

ducten  der  Elution  und  im  Riibensaft  ent- 
halten  en  StickstoBs  nebst  Analysen  des 
nach  verschiedenen  Methoden  gewonnenen 
Zuckerkalks. 

A     1882,         Bauer.     Einigcsubcrdie  Naturund  Bitdung 
V,  32,  p.  883  von  Dextran. 

A     1882,         V.  LiPPMANN.     Ueber  das  Vorkommen  von 
V.  32,  p.  895         aOxy-glutarsaure  in  der  Melasse. 

B     1882, 
V.  8,  p.  238 

A     1882,         Strohmer.     Ueber  den  Farbstoff  der  Zuck- 
V.  32,  p.  879  erriibe. 

A     1883,         V.  LiFPUANN.     Ueber  das  Vorkommen  von 
V.  33,  p.  316  Conifcrin  in  den  verholzten  Geweben  der 

D    1883,  Zuckerrube. 

V.  16,  p.  44 

B      1883. 
V.  10,  p.  43 

E     1883, 
v.7,pt.i,p.i72 

A     1883,        V.  LiPPMANN.   Uebereine  neue,im  Rubensafl 
V-  33>p.  715  vorkommende  Saure- 

D    1883, 
V.  16,  p.  1078 

B      1883. 
V.  10,  p.  217 

A     1885,        V.  LiPPMANN.    Ueber  das  Vorkommen  von 
V-  3S<  P-  15^  Leucin  und  Tyrosin  in  der  Rubenmelasse. 

D       1884, 
V.  17,  p.  2835 

B      1885, 
V.  14.  p.  31 

A     1885,        Teixeira  Mendes.      Nachweisung  und  Be. 
V.  35,  p.  250  stimmung  der  Ameisen-,  Essig-  und  Butter- 

B      1885,  saure  in  der  Melasse, 

V.  14,  p.  200 

A     1885,         ScHULZE  u.  BossHARU.     Uebcr  das  Vorkom- 
V-  3Si  P>  319  men  von  Glutamin   in    den    Zuckerriiben 

D    1885,  und  uber  das  optische  Verhalten  desselben. 

v.  18,  p.  390 
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B      i88«;, 
V.  14,  p.  159 

F      1885 
V.  25, p.  551 

46  A     1888,         Ladureau.     Ueber  die  organischen  Nicht- 
V.  38,  p.  63  zuckerbestandtheile  der  Rohzucker. 

47  A     1888,        V.  LiPPMANN.     Ueber  einige  organische  Be- 
V.  38,  p.  68  standtheile  des  Riibensaftes. 

D    1887, 
V.  20,  p.  3201 

B      1887, 
V.  19,  p.  291 

48  A     1888,        V.  LiPPMANN.      Ueber  eine  im   Rubenroh- 
V.  38,  p.  455  zucker  ^vorkommende    reducirende    Sub- 

D    1887,  stanz. 

V.  20,  p.  3298 

B      1888, 
V.  20,  p.  24 

49  A     1888,        A.  WoHL.     Ueber  das  Verhalten  von  Brenz- 
V.  38,  p.  458  catechin  gegen  Fehling'sche    Losung  bei 

Gegenwart  von  Zucker. 

50  A     1888.  KoLLREPP.      Ueber  einige   organische  Be- 
V*  38,  p.  772  standtheile  des  Saturationsschlammes. 

51  A     1888,  Winter.      Zur  Kenntniss  der    chemischen 
V.  38,  p.  780  Bestandtheile  des  Zuckerrohres. 

52  A     1890,  Herzfeld.     Parapectinsaure. 
V.  40,  p.  687. 

53  A     1 89 1 ,  Herzfeld.     Die  Pectinsubstanzen  der  Riibe. 
V.  41,  p.  667 

54  D  '  1880,  Scheibler.      Vorkommen  des   Vanillins  in 
V'  13,  p»  335  gewissen  Riibenrohzuckern. 

B      1880, 
V.  4,  p.  no 

55  D    1883,        Schultze  u.  Bosshard.    Ueber  das  Gluta- 
V.  16,  p.  312  min. 

56  G     1882,        V.  LiPPMANN.     Die    Zuckerarten    und   ihre 

p.  185  Derivate. 

57  H     1890,         Winter.      Zur    Kenntniss   der  chemischen 

p.  3 1  Bestandtheile  des  Zuckerrohres. 


No. 

Joamal. 

58 

I        1891, 

p.  18 

S9 

B      1879, 

V.  2,  p.  376 

60 

B     1879, 

V.  2,  p.  421 

61 

B      1879. 

V.  3.p.  128 

62 

B      1879. 

V.  3,  p.  341 
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Title. 
Winter.     Untcrsuchung^n  iibcrdas  Zucker- 

rohr. 
ScHEiBLER.     Vorlaufige  Notiz  uber  das  Vor- 

kommen    optischlinksdrehender  Stoffe  in 

den  Rubenmelassen. 
Wachtel.     Der  RiibenlarbstoE 

VAN  TlEGHAH.     Uebcr  die  RObenKallerte. 

ScHBiBLBR.  Vorlaufige  Notiz  iiber  das 
Vorkommen  eines  neuen,  in  den  Riiben 
enthaltenen  rechtsdrehcnden  Korpers  und 
Verfahren  der  Nachweisung  desselben  mit 
Hiilfe  des  mir  patentirten  Extractionsap- 
parates. 

V.  Wachtel.    Ueber  den  Rfibenfarbstoff. 

V.  Wachtel.     Die  ArabJnsaurc  in  der  Riibe. 

V.  LiPPMANN.    Ueber  das  Vorkommen  von 
Malonsaure  in  den  Inkrustationen  der  Ver- 
dampfapparate. 
Becker.     Ueber  das  optische  Drehungsver- 
mogen   des  Asparagins  und  der   Aspara- 
ginsaure     in   verschiedenen    Losungsmit- 
teln. 
B      1881,       ^Bechamp.     Ueber  die  Viscose,  ein  gummi- 
V.  7,  p.  214  ahnliches  Product  der  schleimigen  Gah- 

rung. 
B      1881,         ScHEiBLER.    Ueber  die  Identitat  der  Viscose 
V.  7,  p.  216  mit  Dextran. 

F      1882, 
V.  19,  p.  50  ' 
B      1882,         Bauer,     Die  Natur  und  Entstehungsweise 
V.  8,  p.  258  des  Dcxtrans, 

B      1882,         I'arsons.      Aconitsaure  im  Kesselstein  der 
V.  9.  p.  87  Sorghum  Zuckerpfannen. 

B     1884,        Scheibler.       Untersuchungen     iiber     die 
V.  13,  p.  loi  Glutaminsaure, 

VOL.  xni.— 33 


B 

■879. 

V.3, 

p.  366 

B 

1879, 

»-3. 

P-367 

B 

1881. 

V.6, 

p.  299 

B 

1881, 

J.  6,  pp.  304, 

317 
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72  B      1888,  Weissberg.  1st  rechtsdrehender  Nichtzucker 
V.  19,  p.  301  in  der  Riibe  ? 

73  B      1888,  Chevron.     Die  Analyse  der  Riibe  und  die 
V.  20,  p.  169  Pectinsubstanzen. 

74  B      1888,  Pellet.     Ueber  die  Beschaffenheit  des  Plus- 
V.  21,  p.  211  zuckers,  welcher  in  der  durch   Alkohol 

erschopften  Riibenpiilpe  enthalten  ist. 

75  B      1888,         DiGUET.     Versuche  iiber  schaumende  und 
V.  21,  p.  212  schwer  zu  verkoohende  Melassen.     Ueber 

das  Vorhandensein  von  Ulminsubstanzen 
in  den  Producten  der  Zuckerfabrication. 

76  B      1889,         Baudet.      Ueber   die    Kalksalze    und    die 
V.  22,  p.  245  Pectinsubstanzen  in  der  Zuckerfabrikation. 

TJ         B      1889,         Weisberg.     Ueber  die  in  den  Riiben  enthal- 
V.  23,  p.  9  tenen  Pectinsubstanzen  und  iiber  die  Rolle, 

welche  dieselben  bei  der  Fabrikation  und 
der  Analyse  der  Safte  spielen. 

78  E        1884,  V.  LiPPMANN. 

v.S.Pt.  i.p.  385 

80  F      1888,         Battut.     Contribution  a  1'  etude  des  Com- 
V.  32,  p.  285  poses   pectiques.     Leur   influence    sur  la 

p.  311  polarization  des  liqueurs  sucrees. 

p.  357 

81  F      1889,         Baudet.    Des  Sels  de  ChauxetdesMatieres 

V.  33,  p.  243  pectiques  en  Sucrerie. 

82  K     1873,         ScHEiBLER.     Isomer  with  Arabin  found  in 

V'  S>  P«  351  Beetroot. 

83  K     1 874,  ScHEiBLER.     On  the  presence  of  Arabic  Acid 
V.  6,  p.  256  in  the  Sugar  Beet  and  on  Arabin  Sugar. 

84  E     1889,  Weisberg.     Ueber  die  Pectinstoffe  der  Zuk- 
V.  13,  p.  2  kerriibe. 

85  A     1877,  Fruhling  u.  ScHULZ,     NeueDarstellungvon 
V.  27,  p.  469  Betain. 

86  A     1884,         V.  LiPPMANN.     Ueber  die  Nichtidentitat  von 
V.  34.  p.  1383  Arabinose  und  Galactose. 

87  A     1887,         V.  LiPPMANN.     Die  Constitution  der  Zucker- 
V.  37,  p.  401  arten    nach    dem    gegenwartigen   Stande 

der  chemischen  Forschung. 

88  A     1889,         WoHL  u.  Niessen.  Ueber  die  durch  Erhitzcn 
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No.              Journal.  Title. 

V.  39,  p.  929  mit  Wasser  losbaren  BestandthdledesRii- 
benmarks. 

89  A     189T,  ToLLENS.     Untersuchungen    iiber    Kohlen- 
V.  41,  p.  907  hydrate. 

90  A     1892.  V.  LiPPMANN.     Ueber  organische  Sauren  aus 
v-  42,  p.  137  Rubensaft. 

91  A     1890,         V.  LiPPMANN.     Minutes  of  Verein  Meeting. 
V.  40,  p.  424 

92  A     1877,  SiCKEL-     Ueber  die  Bestimmung  des  in  der 
V.  27,  p.  780  Zuckerriibe  enthaltenen  Rohrzuckers. 

93  D     1875,  BiBNBAUM  u.   KoKEN.     Untcrsuchung  eincr 
V,  8,  p,  83  sauer    reagirenden   Fliissigkeit   aus    dcm 

Uebersteiger  des  Vacuum  Apparates  einer 
Rubenrohzuckerfabrik, 

94  L  Peligot. 
V.  67.P.  157 

95  A     1875,         Reichardt.     Pararabin,  ein  neues  Kohlen- 
V.  25,  p.  803  hydrat. 

96  1887,         Stammer.     Sucre  et  Non  Sucre, 

97  A     1874,        Teixeira  Mendes.     Ueber  die  Ursache  de» 
V.  24,  p.  420  Nachdunkelns  des    RiJbensafles   bei   der 

Saturation, 
9S        A     1881,         KUTHE.     Die  Einwirkung  des  Chlorcalciums 
■  V,  31,  p.  731  auf  Melasse. 

99  A     1870,         Reichardt.      Ueber     die     Zersetzungspro- 
V.  20,  p.  529  ducte  des  Traubenzuckers  bei  Einwirkung 

starker  Basen. 

100  A     1875,         BoDENBENDER.    Zur  Kenntniss  cincr  Ufsache 
V.  25,  p.  122  der  dunkein  Saturationssafte. 

— Chemical  Laboratory,  College  of  Physicians  and  Surgeons. 


RECTIFICATION  OF  THE  CRANK-PIN  CURVE. 

Bv  JAMES  M.  McKINLAY. 

Note. — Mr.  James  M,  McKinlay  who  represents  the  Chicago, 
Milwaukee  and  St.  Paul  Railway  Company  at  42  Wall  Street, 
New  York,  is  interested  in  the  locomotive  crank-pin  problem,  and 
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has  succeeded  by  means  of  converging  series  in  rectifying  the  curve 
described  by  the  crank-pin.  He  sends  the  result  in  a  particular 
case  as  being  of  interest  to  the  readers  of  Mr.  Trask's  poqier  in  the 
April  issue  of  the  Quarterly.  Mr.  McKinlay  finds  that  a  crank- 
pin  at  one-half  foot  from  the  centre  of  a  wheel  two  and  six-tenths 
feet  in  diameter  describes  a  line  10,368  feet  long,  while  the  wheel 
rolls  ten  thousand  feet 


The  equation  of  the  crank-pin  curve  given  in  the  April  number 
of  the  Quarterly  gives  a  differential  for  length  of  curve  which 
cannot  be  integrated,  as  I  believe,  even  when  the  lengths  of  radii 
are  given  in  Arabic  numerals. 

By  an  equation  obtained  in  the  following  manner,  the  curve  can 
be  rectified,  provided  the  length  of  radii  be  given  in  Arabic  nu- 
merals ;  but  it  requires  a  great  deal  of  computation,  and  as  it  has 
to  be  calculated  by  series,  the  result  is  necessarily  only  approximate. 

;r  to  be  measured  to  the  left  from  the  origin. 

J'  to  be  measured  downwards  from  the  origin. 

—  =  radius  of  wheel. 

2 

.   y^  =  radius  of  crank-pin. 
s  =  sine,  with  diameter  =  i. 
z  =  corresponding  arc. 

x=z  s  -\-  az. 
u  =  curve. 

ds=y2{y—f)-y^{i  —  2y)dy. 

d^=M  {y—y")''  (I  — 4y  +  ^df. 

Add  df=%{y—f)'''  [^—^f)df. 
dz^=%{y—f)-'dy. 

adz  =  }4  {y  — y)  ~*  ady. 

Add  ds=  y2{y—f)"^{i—2y)dy. 

dx=  ^  {y—f)  -^{a+  I  —  2y)  dy. 

d^=  %{y—f)'^^{^+  2a+  i—^ay  —  4y  +  4/)dy^. 

Add  df^  %  [y—f)  -"  {Ay~A/)  df, 

du=zj4{  \y-\-'^   )a^2a      +  1  —A<^y)  ^dy. 
Now,  if  we  take  a=  2,6    a?  +  2a  +  i  —  4ay  becomes  equal  to 
12.96 —  10.41/. 
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In  order  to  integrate  this,  (l  — fH^->')**  ^^  *°  ^^  reduced  to  a 
series,  and  ( i  — y)"^  to  another  series.  Their  product  gives  a  com- 
plicated slowly  convei^ing  series. 

By  changing  the  equation  to 

the  series  is  made  slightly  more  convergent. 
The  calculation  gives  »  =  10,368  for  lo,OCX)  horizontal. 

Equation  of  curve  jr=  y'y *^  j^^vers"^  2y, 


POTASSIUM  TETRAOXALATE  AS  A  STANDARD  IN 
ACIDIMETRY  AND  ALKALIMETRY.* 

By  BERTRAND  C,  HINMAN. 

TcTRAoxALATE  of  potassium,  KHCA.  H,CA.  2  H,0  was 
originally  proposed  for  this  purpose  by  Ulbricht  and  Meissl, 
Pliarm.  Centrh.  [N.  P.],  vi.  198,  and  commended  by  Kissling,  in 
the  Zts.f.  Angew.  Chem.,  1889,  p.  332. 

At  the  1890  meeting  of  the  Association  of  Official  Agricultural 
Chemists  (Eighth  Annual  Report,  p.  24),  it  was  adopted  as  the 
alternate  substance  for  standardizing.  At  the  meeting  of  iSgi 
(Ninth  Annual  Report,  pages  131  and  153),  it  was  the  subject  of 
considerable  argument  but  was  retained  as  the  alternate  for  another 
year. 

An  investigation  has  been  made  of  the  properties  of  the  salt 
with  a  view  of  determining  its  availability  for  this  purpose. 

The  requisites  for  a  substance  to  be  used  for  standardizing  are 
that  it  should  be  easily  obtained  pure,  of  definite  chemical  compo- 

*  A  contiibulion  from  the  QuanliUtive  Laboratory  of  Columbia  College. 
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sition,  that  it  should  remain  unaltered  in  the  air,  and  react  sharply 
with  indicators. 

Potassium  tetraoxalate  is  soluble  in  forty'  parts  of  cold,  and  in 
six  parts  of  boiling  water  (Storer,  Die.  So/,,  p.  428). 

Ignition  converts  it  to  K^CO,,  so  it  would  seem  to  be  valuable 
for  standardizing  both  acid  and  alkali  solutions. 

The  formula  given  requires  : 

(H,0  =  14.173  per  cent.) 
Equivalent  to  HjC,04  =  70.866  per  cent. 
Equivalent  to  K^CO,  =  27.165  per  cent. 

It  may  be  prepared  by  uniting  solutions  containing  proper  propor- 
tions of  K,C,04,2HjO,  and  H2C,04,2HjO,  crystallizing  out  and 
purifying  by  recrystallization.  Three  repetitions  are  said  to  be 
amply  sufficient  to  produce  a  pure  substance. 

This  method  was  followed,  and  an  examination  made  of  three 
lots  of  the  salt,  that  crystallized  four  times,  a  mixture  of  that  crys- 
tallized twice  and  thrice,  and  the  crystals  obtained  from  a  concen- 
tration of  the  mother  liquor. 

Determinations  of  the  oxalic  acid  in  these  samples  were  made 
by  precipitation  as  CaCj04,  weighing  as  CaSO^,  and  by  titration 
with  KOH  standardized  by  the  usual  method. 

The  results  were  as  follows  : 


Sample. 


w.,K«*«      iTetraoxalate       Ca  SO^  H«C«P4 

Meuioa.     J       ^^^^^^  ^y^j^         equiv2ent. 


Cryst.  4  times |     Grav. 


tt 


« 


« 


(I 


it 


(i 


K 


I 


Vol.  KOH 


Crysf.  (2  and  3)  times. 


Cryst.  from  Mother  liquors... 


« 

It 


0.7583 
0.5528 
0.6225 
0.5296 

!  0.6821 
0.8105 
0.4578 
0.3921 
0.3546 


0.8224 
0.61 12 
0.6759 


0.54423 

!  0.39712 
I  0.44729 
I  0.3810 

i 

,     6.4920 

05850 

0.3360 

0.2868 

0.2592 


H,C^4 
per  cent. 


71.903 

71.837 
71.869 

71.94 
72.13 
72.17 

73.39 
7315 
7309 


The  salt  was  also  tried  by  standard  permanganate  and  gave  re- 
sults too  high. 
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All  the  samples  analyzed  are  too  acid  by  a  little  over  one  per 
cent.,  and  the  fewer  the  number  of  recrystallizations  the  greater  is 
the  excess  of  acid. 

The  mixed  sample  crystallized  two  and  three  times  was  again  re- 
crystallized  three  times  and  tested  with  the  standard  KOH.  The 
percentage  of  oxalic  acid  was  73.32 ;  apparently  no  change  in  com- 
position had  taken  place. 

An  effort  was  made  to  determine  the  water  of  crystallization  by 
heating  the  substance  in  an  air-bath  at  given  temperatures  for  spe- 
cific times. 

The  following  results  were  obtained  : 


Saiipl*. 

Tinit  of 

T.„p. 

Weigh! 

L«i. 

%^:- 

.% 

3H 

6 

9 

3 

3Ji 
3 

3H 

6 

9 

8d 

138 
138 

iz8 
128 
95 

80 

ii} 

128 
128 

1 38 

1.0433 

"■0433 
I-0433 
1.0090 

1.0090 
1.0090 

075=' 
1.2680 
0.7527 
1,2680 
1.2680 
1.06S2 
1.0682 
I. 0681 

0.1483 
0.1504 
0.1656 
0.1691 
0.1740 
0.1789 

oogSo 
0.1768 
0.1103 
0.1833 
0.3348 
0.1683 
0.1749 
0.1789 

14.314 
14.416 
'5-783 
16.758 
17.340 
17730 
13.0J0 

»3-936 
14.680 

14-377 
.8.510 
"5-7SS 

16.374 
16.738 

" 

<.     « 

.,    .. 

..     .. 

^     „ 

CrysL  (2  and  3)  times 

••         .<          .■ 

.1          .< 



These  figures  do  not  show  a  satisfactory  result,  and  indicate 
that  the  combined  water  cannot  be  determined  by  heating. 

Evidently  a  temperature  of  over  lOo"  C.  causes  a  decomposi- 
tion, for  in  every  instance  at  that  temperature  the  salt  lost  more 
than  its  theoretical  percentage  of  water  of  crystallization,  and  at 
somewhat  higher  temperatures  the  los.s  was  considerable,  and  at  a 
constant  temperature  increased  with  the  time. 

This  phenomenon  was  easily  perceptible  at   128°  C,  at  which 
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temperature  Borntrager  {Fres,  Zts,,  xxxi.,  p.  43)  says  the  salt  must 
be  heated  to  insure  perfect  drying. 

Yet  in  these  experiments  it  was  found  that  eleven  hours'  heating 
at  this  temperature  caused  a  loss  of  over  3^  per  cent,  more  than 
the  theory  for  water. 

It  is  thus  evident  that  the  ^alt  cannot  be  heated  to  this  tempera- 
ture without  suffering  decomposition. 

In  order  to  determine  whether  the  apparent  excess  of  water 
might  be  due  to  hygroscopic  moisture,  and  whether  or  not  the 
salt  was  efflorescent,  a  weighed  portion  in  a  tared  dish  was  mois- 
tened with  a  few  drops  of  distilled  water  and  set  aside  in  a  dessi- 
cator  over  concentrated  sulphuric  acid. 

After  this  treatment,  if  the  dish  with  its  contents  .should  weigh 
less  than  it  did  before  wetting,  it  would  indicate  either  that  the 
salt  was  non-efflorescent,  and  contained  hygroscopic  moisture,  or 
that  it  was  dry,  but  would  effloresce  in  dry  air. 

But  the  dish  rapidly  regained  its  original  weight,  and  remained 
persistently  at  that  point  for  three  days,  at  the  end  of  which  time 
the  observations  were  discontinued. 

Apparently  then,  the  salt  was  dry,  and  was  non-efflorescent. 

From  the  results  of  the  determinations  of  the  equivalent  oxalic 
acid,  it  would  be  expected  if  the  water  was  out  of  proportion  that 
it  would  be  low,  but  experiment  has  shown  that  the  equivalent 
oxalic  acid  and  water  are  both  high. 

As  a  matter  of  fact  not  much  faith  is  to  be  placed  in  the  water 
determinations,  for  the  experiments  reasonably  justify  the  belief 
that  the  estimation  of  the  water  of  crystallization  cannot  be  accu- 
rately made  by  determining  the  loss  on  heating. 

The  ignition  of  several  samples  of  the  salt,  weighing  and  titrat- 
ing the  resulting  K2CO3  with  sulphuric  acid  (standardized  by  so- 
dium carbonate)  using  methyl  orange  as  an  indicator,  gave  the 
following  results : 


Sample. 

Weight 
taken. 

K,CO«by 
weight. 

KfCOt  per 
cent. 

KsCOsby 
titration. 

K^COtper 
cent. 

Cryst.  four  times 

1.0433 
1.0090 

1.2680 

1.0682 

0.2817 
0.2717 

0.3430 
0.2890 

27000 
26.927 
27.050 
27.083 

0.2774 
0.2732 

0.3409 
0.2863 

26.588 
27.076 

26.884 
26.803 

«(                  M 

Cryst.  (2  and  3)  times 
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The  average  of  the  percentages  obtained  by  weighing  is  27.015 
and  by  titration  26.838. 

These  figures  coinciding  quite  closely  with  the  theoretical,  and 
the  acid  being  high  indicates  a  curious  balancing  between  acid  and 
water.  For  if  the  K,0  be  correct  and'  the  acid  high,  then  the 
water  must  be  low.  But  as  the  water  determinations  could  not 
be  satisfactorily  made  by  the  method  tried,  this  conclusion  is  un- 
verified. 

These  results  being  so  far  at  variance  with  theory,  another  sam- 
ple of  the  substance  was  very  carefully  prepared  in  the  same  man- 
ner as  the  first  and  tested  as  before. 

As  usual,  the  purified  salt  after  being  filtered  from  the  mother 
liquor  was  pressed  between  filter  paper  to  remove  the  superfluous 
moisture,  and  then  spread  out  on  fresh  paper  in  a  layer  not  over 
a  quarter  of  an  inch  thick  and  left  to  dry  f:)r  three  days. 

In  order  to  determine  whether  all  the  hygroscopic  moisture  had 
been  removed  by  this  treatment,  a  weighed  portion  of  the  material 
thus  dried  was  placed  in  a  tared  dish,  and  allowed  to  remain  in  a 
dessicator  over  sulphuric  acid  for  three  days.  The  loss  was  0.728 
per  cent.  At  the  end  of  six  days  it  was  1.23  per  cent.,  and  a  week 
later  or  after  havii^  been  in  the  dessicator  for  about  two  weeks, 
the  loss  amounted  to  3.58  per  cent.  At  the  end  of  eight  weeks 
there  was  a  loss  of  1 141  per  cent. 

The  crystals  had  by  this  time  assumed  an  opaque  appearance, 
and  efflorescence  was  clearly  taking  place. 

Therefore  it  is  clear  that  by  this  procedure  a  determination  of 
the  hygroscopic  moisture  is  impossible,  for  the  salt  effloresces,  and 
moreover  the  experiment  seems  to  show  a  contradiction  to  the  ob- 
servation deduced  from  a  previous  experiment  made  under  condi- 
tions almost  similar  when  the  tetraoxalate  refused  to  part  with 
any  of  its  water  of  crystallization  in  a  dessicator  over  sulphuric 
acid.  The  only  difference  between  the  two  experiments  was  that 
the  samples  of  salt  operated  upon  were  produced  at  different  times, 
though  the  effort  was  in  the  second  preparation  to  duplicate  the 
method  employed  in  the  first. 

This  second  preparation  lost  upon  heating  for  three  hours  at 
100°  C,  14.370  per  cent,  but  upon  standing  under  a  bell  glass  for 
several  days  it  gained  1.466  per  cent,  of  water  from  the  air.  Thus 
when  the  salt  is  nearly  anhydrous  it  is  deliquescent,  and  when 
containing  its  full  amount  of  water  of  crystallization,  its  tendency 
is  to  effloresce. 
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An  average  of  three  titrations  of  this  second  preparation  with 
"  10  KOH  gave  an  equivalent  of  73.88  per  cent,  of  oxalic  acid, 
which  is  two  per  cent,  more  than  was  found  in  the  first  sample,  and 
three  per  cent,  more  than  theory  calls  for. 

Upon  ignition  there  was  left  a  residue  of  KjCO,  amounting  to 
27.131  per  cent.,  which  is  almost  precisely  the  theoretical. 

Careful  tests  for  bases  other  than  K^O  gave  negative  results. 

In  the  use  of  indicators  for  determining  the  end  reaction  in  these 
titrations,  there  seems  to  be  some  doubt  as  to  which  of  the  many 
in  use  is  the  best. 

The  Association  of  Official  Agricultural  Chemists  recommends 
methyl  orange  although  it  is  generally  accepted  that  it  does  not 
react  sharply  with  organic  acids,  and  upon  trial  the  results  were 
very  uncertain. 

Phenolphthalein  works  perfectly,  and  is  certainly  the  best  indi- 
cator for  this  purpose  which  is  available,  although  litmus  properly 
prepared  is  said  to  give  good  results.  Coralline,  or  rosolic  acid, 
cochineal  or  carminic  acid,  and  congo  red  are  of  no  value  at  all  as 
indicators  with  oxalic  acid. 

As  a  result  of  these  experiments  it  is  clear  that  tetraoxalate  of 
potassium,  as  prepared  by  the  directions  of  those  who  advocate  its 
use,  is  not  a  substance  of  constant  composition. 

The  variations  from  the  theoretical  figures  are  so  great  as  to 
entirely  preclude  its  use  as  an  agent  for  standardizing  solutions 
for  volumetric  analysis. 

This  conclusion  is  justified  by  the  preceding  experiments,  and 
finds  verification  by  many  who  have  investigated  the  subject. 

In  this  connection  may  be  quoted  the  remarks  of  Mr.  William 
Frear  on  page  131  of  the  Proceedings  of  Eighth  Annual  Conven- 
tion of  the  Association  of  Official  Agricultural  Chemists  where  he 
says :  "  The  method  by  tetraoxalate  of  potash  was  not  employed 
because  it  was  found  impossible  to  get  a  perfectly  satisfactory  salt, 
and  because  in  our  experience,  even  with  dimethyl-anilin  orange 
as  an  indicator,  it  was  not  possible  to  get  a  perfectly  sharp  end  re- 
action. A  tetraoxalate  prepared  under  my  directions  last  year  by 
Dr.  McDonnell  by  dissolving  together  the  molecular  proportions 
of  chemically  pure  acid  potassium  oxalate  and  pure  oxalic  acid, 
gave  after  the  fourth  crystallization  results  showing  it  to  possess 
an  acidity  1. 17  per  cent,  greater  than  that  sent  out  by  Dr.  Cald- 
well for  comparison  of  standards,  and  which  both  the  latter  and 
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Mr.  Scovell  stated  to  agree  exactly  in  strength  with  their  acids 
standardized  with  AgNOs. 

Another  sample  obtained  from  Baker  and  Adamson  when  pre- 
cipitated as  CaCzO^  and  weighed  as  CaO  gave  only  96.51  per  cent, 
of  the  calculated  amount  of  the  latter  oxide  as  a  mean  of  three 
closely  concordant  determinations." 

Further  confirmation  is  found  in  the  experiments  of  Mr.  F.  C- 
Wells  {Journal  of  Analytical  and  Applied  Chemistry,  vol.  vi.,  p. 
192),  who  says,  "  Tetraoxalate  of  potassium  possesses  all  the  dis- 
advantages that  pertain  to  all  the  above  mentioned  reagents.  It  is 
harder  to  purify  than  soda,  and  it  weathers  as  readily  as  oxalic  acid." 

It  is  evident  then  that  the  salt  is  indefinite  in  character,  uncer- 
tain in  quality,  and  cannot  be  prepared,  by  the  methods  given,  of 
such  purity  as  to  be  of  service  for  the  purpose  for  which  it  is  re- 
commended. 


THE  SPHEROMETER-CALIPER* 

By  THOMAS  ARTHUR  HUMASON,  A.M. 

The  spherometer-caliper  is  an  instrument  designed  by  Prof 
Harkness,  U.  S.  N.,  for  measuring  the  inequalities  and  irregulari- 
ties of  pivots.  The  figures  f  show  a  front  and  side  elevation. 
"  The  foundation-plate  b  carries  two  cylindrical  guides,  dd,  which 
are  connected  at  their  lower  end  by  the  bar  e.  Into  the  foundation- 
plate  is  screwed  the  brass  plate  w,  to  which  is  cemented  the  thick 
circular  glass  plate  c.  Two  V's,  aa^  are  also  screwed  to  the  foun- 
dation-plate. The  brass  plate  /  slides  freely  up  and  down  between 
the  guides  ddy  being  kept  in  place  by  three  loops,  two  of  which 
pass  around  the  right-hand  guide  and  one  around  the  left,  as  shown 
in  the  figure.  The  brass  rod  g^  which  passes  through  the  piece 
m  and  the  plate  c  without  touching  either  of  them,  is  firmly 
attached  to  the  upper  end  of  the  plate  /,  and  moves  with  it,  while 
to  the  lower  end  of/  is  attached  a  second  short  brass  rod  which 
passes  freely  through  the  bar  e  and  carries  the  nut  A." 

"  In  using  the  instrument,  the  plate  /  is  depressed  by  means  of 
the  nut  h  until  one  of  the  pivots  whose  irregularity  is  to  be  meas- 
ured  passes  freely  under  the  V's,  aa.  Then  the  V's  having  been 
properly  adjusted  upon  the  pivot,  h  is  loosened  and  the  flat  edge 

*  Paper  submitted  in  partial  fulfilment  of  the  requirements  for  Ph.  D.  degree, 
Columbia  College. 

t  From  Doolittle's  Astronomy,  by  kind  permission  of  John  Wiley  &  Sons,  pub- 
lishers. 
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of  the  aperture  in/  is  pressed  against  the  under  side  of  the  pivot 
by  the  ^ring  i.  The  elevation  of  the  rod  g  above  the  glass  plate 
is  then  measured  by  means  cA  the  spherometer.  This  consists  of 
the  micrometer  screw  shown  in  the  figure,  which  is  supported  by 
the  small  tripod  s,  the  legs  of  which  rest  on  the  glass  plate.  By 
means  of  this  screw,  small  differences  in  the  elevation  of  the  rod 
g,  and  consequently  of  the  size  of  the  pivots,  may  be  readily 
measured.  To  insure  the  greatest  possiUe  accuracy  of  measure- 
ment, the  glass  plate  c  must  be  entirely  free  from  strain,  and  the 
flat  surface  of  the  opening/must  be  pressed  with  the  same  d^ree 


of  force  against  the  under  surfaces  of  the  two  pivots  Both  these 
conditions  are  evidently  fulfilled  in  the  construction  of  the  instru- 
ment ;  and  as  an  additional  precaution,  the  top  of  the  rod  g  is 
cf^ped  \yf  a  carefully  ground  agate,  upon  which  the  point  of  the 
spheroTTieter  screw  rests.* 

In  the  instrument  belonging  to  the  Columbia  College  Observa- 
tory, the  flat  edge  of  the  aperture  in  the  plate  /  consists  of  a  bar 
which  can  be  adjusted  to  any  desired  height  upon  the  plate,  and 
thus  the  instrument  is  rendered  capable  of  measuring  pivots  of  any 
diameter  from  2%  inches  down  to  the  smallest  size. 

To  find  the  relation  between  the  difference  of  the  two  readings 
•  Prof.  Harkncso,  Monthty  Noticn,  vol.  inviii.,  p.  488  tl  ttq. 
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of  the  spherometer  and  the  inequality  of  the  pivots  upon  which 
they  were  made^  let* 

2  V  =  the  angle  of  the  Vs  aa  ; 

n  =  the  difference  between  the  readings  of  the  screw  on  the  two 
pivots ; 

R  =  the  linear  cfistanoe  between  two  consecutive  threads  of  the 
screw ; 

L  =  the  distance  between  the  V*s  of  the  transit  instrument; 

p  =  the  inequality  of  the  pivots  expressed  in  seconds  of  time ; 

r  =  the  radius  of  the  pivot  to  be  measured  ; 

C  =  the  distance  from  the  upper  surface  of  the  glass  plate  to  the 
angle  of  the  Vs. 

Then  the  vertical  distance  from  tlie  upper  surface  of  the  glass 
plate  to  the  flat  surface  of  the  aperture  in  /  will  be 


C+r^- 


^C-\-r 


(I  +  sin  v\ 
sin  V    f 


(0. 


(2). 


(3). 


sin  V 
Similarly  for  the  other  pivot 

\     stnv      / 
The  difference  is 

\     sinv    J 

This  is  evidently  the  difference  in  the  elevation  of  the  end  of  the 
rod  ^  when  the  second  pivot  is  substituted  for  the  first;  that  is. 
the  difference  between  the  two  micrometer  readings.     Therefore  : 

^r-f)a±J^)=nR;  .         .        (4). 

V     stnv     / 

\  -\-  Stnv 
which  is  the  inequality  of  the  radii  of  the  pivots  expressed  linearly. 
To  convert  it  into  seconds  of  time  it  must  be  divided  by  L.  15 
tan  i"  and  thus  we  obtain  finally 

R  sin  V  /^x 

^'^'^  L{i+sinv)istani''  *  '  ^''^' 
The  spherometer-caliper  of  the  Columbia  College  Observatory 
was  made  by  Fauth  &  Co.,  of  Washington.  An  examination  of 
its  essential  features  showed  that  the  glass  surface  is  well  ground 
and  very  nearly  smooth.  The  spherometer  is  very  light,  the  frame 
being  made  of  German  silver  and  the  legs  of  steel,  the  whole 

weighing  only  about  one  ounce  and  a  half. 

— — — — . . —  »■ 

*  Prof.  Harkness,  Monthly  Notices,  vol.  xxxviii.,  pp.  489-90. 
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"  The  screw  is  rendered  entirely  free  from  dead  motion  by  a 
supplementary  nut  immediately  below  the  main  one,  and  attached 
to  the  frame  of  the  instrument  by  three  elastic  arms  so  arranged 
that  any  required  strain  can  be  put  upon  them.  The  spherometer 
screw  passes  through  both  these  nuts,  and  by  carefully  adjusting 
the  tension  on  the  arms  of  the  supplementary  one,  which  is  two  or 
three  threads  below  the  other,  the  two  can  be  so  pressed  toward 
each  other  as  to  eliminate  all  dead  motion,  and  yet  leave  the 
movement  of  the  screw  as  light  as  may  be  desired."*  The 
legs  of  the  spherometer  were  found  to  be  of  unequal  length  and 
their  points  at  unequal  distances  from  the  centre,  and  these  errors 
were  corrected  by  the  makers  before  the  instrument  was  put  in 
use.  At  the  same  time  it  was  found  advisable  to  have  small 
weights  attached  to  two  of  the  arms  in  order  to  counterbalance 
the  weight  of  the  reading  scale  which  is  attached  to  the  third 
arm.  This  places  the  centre  of  gravity  in  the  screw  and  renders 
the  instrument  much  more  delicate. 

The  pitch  of  the  micrometer  screw  was  found  by  measuring 
the  length  of  certain  metal  standards  of  known  length,  in  terms  of 
the  revolutions  of  the  micrometer  screw,  after  first  establishing  the 
true  zero  of  the  instrument  by  taking  its  reading  on  a  plane  sur- 
face. I  am  indebted  to  Prof.  Harkness  for  the  use  of  his  standards 
and  to  the  Director  of  the  United  States  Naval  Observatory  for 
access  to  the  observatory  and  the  use  of  a  plane  glass  surface, 
the  property  of  the  Government. 

The  following  are  readings  taken  at  the  United  States  Naval 
Observatory  upon  Prof.  Harkness'  brass  standards,  using  as  a  plane 
surface,  mirror  No.  VI.,  made  by  Alvan  Clark  and  Sons,  which 
has  a  radius  of  curvature  of  12.3  miles.  Great  care  was  taken  in 
handling  the  standards  and  placing  them  upon  the  plane  surface 
to  avoid  all  accidental  errors.  The  length  of  the  standards  at  70° 
F.  had  been  determined  to  be:  A  =  0.25993  inches  and  B  = 
0.49874  inches.  Temperature  changed  during  the  observations 
from  74.4°  to  76.0°  F.  and  was  not  taken  into  account.  In  the 
first  column  following  are  the  lengths  of  the  standards  in  terms  of 
the  revolutions  of  the  micrometer  screw  of  the  spherometer. 
The  second  column  marked  v  contains  the  residual  errors  of  the 
several  observations,  and  the  third  column  marked  vv  the  squares 

of  those  residual  errors : 

ig^.^, , . 

*  Prof.  Harkness,  Monthly  Notices^  vol.  xxxviii.,  p.  492. 
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STANDARD  A. 

STANDARD  B. 

OU. 

«.,*,,.».  j     .. 

»v. 

R...,u.^«. 

v.. 

~~r 

25.006 

0.000 

.000000 

49936 

+.007 

.000049 

25.006 

49.919 

3 

15.004 

49.927 

+  .008 

'64 

25.008 

4 

49930 

+.011 

5 

»50o7 

-i-.ooi 

49.937 

+  .008 

6l 

6 

15.007 

+.001 

49-938 

+  .009 

81 

7 

25.007 

-i-.ooi 

49.929 

S 

25005 

49-917 

64 

9 

25.006 

49.936 

+'o"7 

49 

25-007 

+.001 

49.929 

+.010 

25.003 

—.006 

9 

49.915 

-f  .006 

'36 

25.000 

36 

49.934 

+  .005 

35 

'3 

25.001 

—.005 

25 

49.921 

4 

■4 

24.999 

—.007 

49 

49.920 

+.001 

'S 

25.005 

— .OOI 

49913 

-t--0O4 

16 

i6 

35.004 

—.002 

4 

49.933 

+-003 

9 

17 

as<»3 

-.003 

9 

49930 

i8 

25.004 

4 

49.916 

+-007 

49 

"9 

25.004 

49-91 ' 

+.002 

4 

25.005 

49-9*4 

+-005 

25 

25.008 

+  .002 

4 

49.932 

+.003 

9 

25.009 

+  .003 

9 

49.913 

+.004 

16 

^3 

25,010 

+  -OO4 

16 

49930 

n 

25.007 

-l-.ooi 

49.933 

+.003 

9 

n 

25,007 

+.001 

49-9' 7 

4 

26 

35.006 

.000 

49.912 

+.003 

9 

37 

25.010 

+.004 

16 

49.918 

iS 

25.009 

+.003 

9 

49918 

29 

25.009 

+.003 

9 

49.9 '4 

25 

30 

25008 

+.003 

4 

499I' 

+  .002 

4 

3' 

25.009 

+-003 

9 

49.936 

+-OO7 

49 

3* 

25.007 

49.917 

+.008 

<>4 

33 

25.006 

.000 

49.927 

+.008 

64 

34 

25010 

+.004 

16 

49.917 

+  .008 

64 

35 

25.009 

+.003 

9 

49.936 

H-.0O7 

49 

36 

25.006 

+.000 

49-932 

+-003 

9 

37 

25.009 

+.003 

9 

49-915 

+.006 

36 

38 

25009 

+.003 

9 

49.936 

+-007 

49 

39 

25.007 

+.001 

49.933 

+.003 

9 

40 

25.012 

+.006 

36 

49.926 

+.007 

49 

41 

25.007 

+.001 

49.899 

400 

42 

25001 

—.005 

n 

49901 

— !oi8 

324 

43 

25002 

—.004 

16 

49.897 

484 

44 

25,002 

—.004 

16 

49.901 

-.018 

334 

45 

24-999 

—.007 

49 

49.899 

400 

46 

25.000 

—.006 

36 

49.905 

-014 

196 

47 

25003 

49-900 

361 

48 

25000 

-.006 

36 

49-90' 

-lols 

334 

49 

35.004 

49898 

441 

50 

35.009 

=  35-0057 

+-003 

9 

49-900 

-.0.9 

361 

[vv]= 

.000522 

lai=4S,«« 

[vv]  = 

.005098 

Man 

=rrorof.ri.h-n 

liul  mian 

-,™,6.. 

M«n  error  of. 

thDielical  iDd 

-.OOM,.. 

Fnrinl 

ktrrorof^rkh 

m«ic8li™n 

—  .OOP]  11. 

Pro1nb].«raro 

arlthmclicslm 

jui  —  .ooosn. 
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The  value  of  one  revolution  of  the  screw  by  standard  A  would 
be  0.010395  inches,  and  by  standard  B,  0.009991  inches. 

The  wide  disagreement  in  the  readings  as  indicated  in  the  above 
table  led  to  an  examination  of  the  standards.  Under  a  microscope 
they  were  found  to  be  in  poor  condition,  there  being  several  in- 
dentations and  other  irregularities  in  the  surface  of  each.  Ac- 
cordingly, as  the  above  results  could  not  be  taken  as  conclu- 
sive, measurement  was  made  of  two  new  steel  standards  (quarter- 
inch  and  half-inch  respectively),  made  by  Pratt  and  Whitney, 
and  also  the  property  of  Prof.  I^Iarkness. 

The  following  (p.  347)  are  lengths  of  the  steel  standards  in  terms 
of  revolutions  of  the  micrometer  screw.  The  temperature  varied 
from  74°  to  75°  F.  during  the  observations  and  was  not  taken 
into  account : 

Standard  C  gives  the  value  of  one  revolution  of  the  micro- 
meter screw  as  0.010002  inches  and  standard  D,  0.0099997 
inches. 

Combining  the  results  of  the  readings  on  the  four  standards, 
assigning  to  each  a  weight  inversely  proportional  to  the  square 
of  its  mean  error  (viz.,  giving  the  readings  on  standard  *A  the 
weight  9,  on  standard  B  the  weight  i,  on  standard  C  the  weight 
136,  on  standard  D  the  weight  40),  we  obtain  for  the  value  of 
one  revolution  of  the  micrometer  screw, 

R  =  0.01C0204  inches.* 

The  micrometer  head  is  divided  into  100  parts  and  hence  the 
value  of  one  division  is  o.oooi  inches.  In  use,  readings  6an  be 
made  accurately  within  ^  of  a  division  at  the  most,  and  conse- 
quently differences  can  be  distinguished  accurately  as  small  as 
.00002  inches  in  a  single  observation. 

Camparison  of  the  Pivots  of  the  Rutherfurd  Transit  Instrument 
[Stackpole  No,  tj;i8)  of  the  Columbia  College  Observatory. 

The  Rutherfurd  transit  instrument  has  been  in  use  over  twenty 
years,  and  for  a  number  of  years  it  has  been  used  frequently  by 
students.  It  was  therefore  not  to  be  expected  that  the  pivots 
would  be  in  perfect  condition. 

*  The  readings  of  these  results  indicate  that  there  may  be  a  slight  change  of  pitch 
in  the  screw.  It  is  certainly  not  large  enough  to  affect  the  smajl  diflfereoces  which 
occur  in  the  comparison  of  pivots. 


THE  SPHEROMETER-CALIPER. 


Obi. 

STANDARD  C. 

HI. 

STANDARD  D. 

RcvoluliDn. 

V.                1                .V.               1 

, 

a4.994 

—.001 

.txxcai    '           50.003 

+.002 

.000004 

*4.99S 

0    1           50.002 

+.001 

3 

44.9^ 

+.001 

I               50.004 

+.003 

9 

4 

24.994 

-.001 

I      ,         50.003 

4 

5 

24.996 

-f-.OOI 

1               50.001 

+.001 

6 

24.996 

+.001 

I    '1         5f-«>3 

4 

7 

24.995 

0      1         50.004 

+.003 

9 

S 

24.995 

0    ;  1         5aoo2 

+.001 

9 

24.99s 

.000 

0    ■ ;         50.004 

+.003- 

9 

24.99s 

0    1           50.004 

+.003 

9 

24.998 

+.003 

9    , 1         50.°°2 

+  .001 

24-995 

0    .  1         50.004 

+.003 

9 

n 

24995 

.000 

0              50004 

+.003 

9 

14 

24995 

0    ij         50.003 

+.O02 

4 

IS 

24.994 

1    1 1         50.003 

+  .002 

4 

i6 

24-995 

0              50.001 

«7 

24.994 

I    i           49.999 

4 

l8 

24.994 

1      1         50.001 

19 

24.995 

0      j         50.000 

— X»l 

a4.995    1        .000 

0      1         50.001 

24.995            .«» 

.            50.002 

22 

24.994 

-.00. 

50.002 

+.001 

23 

24-994 

1            50.002 

+  .001 

24 

24.995 

50.002 

+  .001 

25 

24.994 

1            50.002 

+  001 

26 

24-994 

'            50.002 

+  .001 

i? 

24-994 

+.001 

28 

24.995 

50.003 

+.0O2 

4 

19 

24.995 

50.001 

30 
3" 

24-993 
24.994 

-001 

4 

1         50.00Z 
;          50.002 

+.001 

[ 

3a 

24.994 

— !ooi 

50.000 

33 

24-995 

50.000 

34 

24.994 

—.001 

50.000 

3S 

24.995 

1          50.000 

—.001 

36 

24.995 

.000 

49-999 

37 

24-995 

.000 

49.998 

--003 

9 

38 

24-<-95 

50.001 

39 

24.99s 

50.000 

40 

24-995 

50.000 

41 

24.995 

50.000 

^^ 

24.995 

50.000 

43 

24.994 

• 

50.000 

-.001 

44 

24.99s 

50.000 

—.001 

4! 

24-994 

;          50.000 

46 

24.996 

+.001 

50.000 

47 

24.996 

+.001 

i          50.001 

48 

24-994 

—.001 

50.000 

49 

24.996 

+.001 

i          50.001 

SO 

24.996 

+.001 

[vv]  = 

• 

50.001 

.000 

** 

Mud 

UoDt 

=  2499484 

.000036 

l«ir^'50.l»1U 

[vv]J      .000.22     1 

rroroririihiDciicalmun, 

-.«.»■.       M™.m>rof« 

Ihmeticil  Diea 

_.«<«.3. 

Pmtab 

ktrrororariihiiHUalmMn 

—  .DCwBi.        probable  error  < 

MithmeHalm 

»n,-.<™.5o. 
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Following  are  comparisons  of  the  pivots  in  36  different  positions 
at  intervals  of  10°  throughout  the  circumference.  The  zero  of 
the  spherometer  is  easily  affected.  Accordingly,  while  the  obser- 
vations were  taken  at  different  times,  the  measurement  of  the  two 
pivots  in  a  given  position  was  invariably  made  in  quick  succession 
and  under  similar  circumstances. 

The  mode  of  making  these  measurements  was  as  follows :  The 
transit  instrument  was  put  on  its  reversing  carriage  so  that  the 
pivots  were  free,  and  turned  in  the  desired  position.  Then  the 
caliper  was  slipped  on  the  pivot  and  adjusted  so  that  the  glass 
plate  was  level,  after  which  the  spherometer  was  placed  upon  it 
and  very  carefully  read.  This  process  was  repeated  several  times 
at  each  observation. 

Each  of  the  quantities  in  the  following  list  is  the  mean  of  a 
number  of  readings  taken  with  every  effort  to  render  them  inde- 
pendent and  accurate.  It  will  be  noticed  that  the  measurements 
are  arranged  in  pairs  in  positions  180°  apart.  The  position  of  the 
pivots  marked  0°  is  that  when  the  telescope  is  pointed  north, 
clamp  west.  The  number  of  degrees  increases  io°,  20°,  30°,  etc., 
to  360°,  as  the  telescope  is  revolved  upward  from  its  original  po- 
sition. In  each  case,  it  will  be  remembered,  the  caliper  is  in  a 
vertical  position.    • 

The  second  column  contains  the  measurements  of  the  clamp 
pivot  in  revolutions  of  the  micrometer  screw,  and  the  third  col- 
umn that  of  the  lamp  pivot.  The  fourth  column  contains  the 
differences  in  revolutions. 
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Position  of 
Pivot. 

Clamp  Pivot. 
(Revolutions.) 

T^mp  Pivot.  . 
(Revolutions.) 

n. 
(Revolutions.) 

Position  of 
Pivot. 

Clam^p  Pivot. 
(Revolutions.) 

Lamp  Pivot. 
(Revolutions.) 

n. 
(Revolutions.) 

oo 

127.037 
.020 
.049 
.021 

t 

"7.044 
.020 

.OCO 

.025 

.007 
.000 
.001 
.004 

1 

600 

137.0x3 
.038 
.042 

X27.033 
.052 
.050 

.020 

.03x75 

.03475 

.003 

.031 

.045 

.0x4 

180O 

1 

.037 
.040 
.038 
.0x2 

.072     .035 
.671      .031 
.060   1   .023 
.033   1   .021 

240O 

1 

•043 
.04X 
.030 

.062 
.050 

.098 

.02X 
.020 

.03175 

.059 

.02725   , 

.006 

.009 

— .X02 

1 
1 

.038 

.061 

.033 

lOo 

.090 
.022 
.020 

.026 

.031 
.0x8 

70° 

1 

.040 
.040 
.040 

.047       .007 
.047   1    .007 

.047    1    -^7 

1— 

.02066   1      .025 

.00433 

1 
.040    1    .047       .007 

190® 

.040 
.037 
.035 

.070 

.054 

.072 

.030 
.017 
.037 

1 

250'* 

.027       .047 
.027*      .047 
.027       .047 

.020 
.020 
.020 

■03733 

.06533 

.028 

.097 

047 

.020 

20^ 

.026 
.027 
.020 

.032 
.036 
.019 

— .004 
— .001 

8o» 

.041 
.04X 
.041 

'        .045 
.045 
.045 

.094 
.004 

.004 

.02433 

.02566 

.066 

.055 
.070 

i   .00133 

.04X 

.045 

.004 

aoo« 

•039 
.037 
.033 

1 

.027 

.018    1 
1   .037 

■ 

'260" 

1 

.025 
.025 
.025 

.043 

.043 

!    .043 

.0x8 
.018 
.018 

.03633 

1 
.06366        .02733    ' 

.025    1    .043       .018   1 

30** 

.013 
.026 
.048 

.023 
.038 
.053 

1 

.010 
.0x2 
.005 

1    90" 

1 
1 

.040 
.023 
.044 

.045 
.031 

.050 

t 

.008 
.006 

.029     1      .038 

.009 

.03566  '    .042    1    .00633 

aio° 

.038 
.038 
.041 

.071 
.O.H9 
.064 

.033 

.02X       1 

.023 

• 

270® 

.029 
.016 
.025 

.044 

.035 
.044 

.015 
.0x9 
.019 

.039     ,      .06466        .02566 

■ 

.02333      .041 

.01766 

4</^ 

.013 
.028 

.048 

.ois 
.038 

.04Q 

.002 

.010      1 

.oox 

.00433 

1 

j   xoo« 

1 

.040 
.040 

.040 

.045 
.045 
.045 

.005 
.005 
.005 

.02966 

.034 

.040 

.045 

.005 

a2oP 

.04T 
.038 
.025 

.07X 
.060 

.045 

1 

.030    ' 

.022 

.020 

'   28o« 

1 

.030 
.030 
.030 

.048 
.048 
.048 

.0x8 
.0x8 
.018 

.03466 

.05866 

.024 

.030 

.048 

.0x8 

50P 

.042 
.026 
.014 

.052 
.039 
.oaC 

1 

.010 

.0x3 
.009 

xxo« 
290* 

.042 
.042 
.043 

.046 
.046 
.046 

.004 
.004 
.004 

.02733        .038 

.0x066 

.042 

.046        .004 

93oP 

.040 

.041 
.030 

.059 
.07X 

.048 

.0x9 
.030 
.0x8 

.033 
.033 

.033 

.05a 
.052 
.052 

.0x9 
.019 
.019 

1               '                1 
.037           .05933   1      .02233    1 

1                ' 

.033 

.052 

.0X9 
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^^ 

^_^ 

^-N   I ' 

.  <"» 

^^^ 

•s 

la 

9  B 

C     '  1    0 

oS 

in 

c 

osition 
Pivot. 

Clamp  Pi^ 
(Revoliitio 

1-2 

n. 
volutio 

osition 
Pivot. 

.t  0 

0^-2 

.2:  .2 

*^  3 

el 

0 

0 
> 

a< 

•3^ 

1  1 

.2  « 

■3^ 

5S 

237.050 

127.070 

.oso 

1 

1     - 

127.047 

127.070 

.023 

120" 

.041 

.059 

.018 

150® 

•039 

.061 

.022 

.045 
•04S33 

.071 

.036 

.043 

.071 

.038 

.06666 

.03133 

.043 

.06731 

•02433 

.043 

.051 

.008 

•045 

.048 

.003 

30o« 

•044 

.055 

.0x1 

330' 

•045 

.049 

.004 

.043 

.051 

.008 

.045 

.052 

.007 

.04333  1 

.05233 

.009 

•045 

.04966 
1     .07a 

.00466 

.053 

070 

1 

.017 

.040 

.033 

130*^ 

.04a 

.061 

.019 

160' 

•039 

.061 

.022 

.048 

.071 

.023 

t 

.046 

•073 

.027 

.04766 

•06733 

.01966 

1 
1 

.008 

.04166 

.06866 

.027 

.043 

.051 

' 

.040 

.034 

—  .006 

3100 

.047 

.063 

.0x6   1 ,  340* 

.043 

■039 

—  .004 

.041 

.048 

.007    1 

.045 

.051 

.006 
—  .00X33 

.04366 

.054 

.0x033 

.04266 

.04133 

.045 

■ 

.073 

.028 

r 

.046 

.071 

.025 

140® 

.043 

060 

.018        x7o« 

•039 

.060 

.021 

.048 

.073 

.025 
.02366 

.040 

.070 

.030 

.045 

.06866 

.04x66 

.067 

.09533 

.048 

.053 

.005 

.047 

.050 

.003 

3»o« 

.048 

.050 

1    .002 

350* 

.042 

.048 

.006 

.045 

.048 

.    .003 

1 

1 
1 

.049 

.050 

.oox 

.047 

.05033 

•00333 

.046 

.04933 

•00333 

A  glance  at  the  preceding  comparisons  shows  that  the  two 
pivots  differ  not  only  in  size  but  in  shape.  Accordingly,  another  set 
of  observations  was  taken  to  see  whether  either  pivot  was  round. 
The  following  is  the  summary  of  those  observations  in  condensed 
form.  These  readings  are  taken  at  intervals  of  45°,  and  on  one 
pivot  in  different  positions  consecutively,  the  intention  being  to 
make  a  comparison,  not  between  the  two  pivots,  but  between  dif- 
ferent positions  of  the  same  pivot. 

Clamp  Pivot. 
Reading. 


Position  of  Pivot. 


0° 

i8o« 

2250 

90** 

270® 


127.022 
127.012 
127.024 
127.014 
127.023 
127.014 
127.020 
127.021 


Lamp  Pivot. 
Reading 

127.02  s 

»  27.033 
127,032 

127.034 

127.032 

127.035 

127.034 

127.028 
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These  readings  show  plainly  that  neither  pivot  is  round,  or  ellip- 
tical, but  each  is  irregular,  the  clamp  pivot  probably  being  more 
irregular  than  the  lamp  pivot.  The  spherometer-caliper  cannot 
determine  the  amount  of  these  irregularities  as  I  shall  now  pro- 
ceed to  show. 

In  the  Mouthy  Notices  of  the  Royal  Astronoffiical  Society,  vol. 
xxxviii,  pp.  488-493,  Prof.  Harkness  describes  the  construction 
and  working  of  the  instrument,  gives  some  examples  of  its  use 
in  the  United  States  Naval  Observatory,  and  claims  for  it  the  fol- 
lowing advantages  over  the  spirit  level :  "  i.  It  is  more  accurate  ; 
2,  it  shows  the  exact  form  of  each  pivot ;  3,  it  is  at  least  ten  times 
more  expeditious."  A  somewhat  similar  claim  is  made  for  the 
instrument  in  Doolittle's  Practical  Astronomy^  p.  302,  where  the 
author  says  :  "  This  instrument  is  especially  to  be  recommended 
in  examining  the  pivots  for  irregularities,  as  by  measuring  differ- 
ent diameters  of  the  pivot  the  exact  form  may  be  determined." 

In  regard  to  the  latter  claim  it  is  only  necessary  to  say  that  a 
glance  at  the  instrument  will  show  that  it  is  wholly  incapable  of 
measuring  or  comparing  diameters,  and  even  if  it  could,  an  infinite 
number  of  diameters  could  not  determine  the  shape  of  the  pivot. 

Let  us  refer  to  equation  (i)  in  the  theory  of  the  instrument,  the 
expression  for  the  distance  from  the  glass  surface  to  the  bottom  of 
the  aperture  in  f 


r+  r-h  -A-  =  C  ^r( 
'        ^    sin  V  \ 


I  +  sin  V 


sin  V 


) 


This  is  manifestly  true  in  only  one  case,  namely,  when  the  pivots 
are  exactly  round  or  when  the  three  radii  concerned  in  any  given 
reading  are  precisely  equal.  Formulae  (2),  (3),  (4),  (5)  and  (6) 
which  follow  from  this  are  likewise  true  in  only  the  one  case. 
Place  an  irregular  pivot  in  the  caliper  and  the  reading  will  be 
different  in  different  positions,  as  in  the  readings  quoted  above. 
In  this  case  there  are  three  distances,  which  we  may  call  radii  for 
want  of  a  better  name,  upon  which  each  reading  depends.  More- 
over these  radii  are  entirely  independent  of  each  other,  must  neces- 
sarily differ  from  each  other,  and  except  in  two  positions,  do  not 
meet  in  a  point. 

Let  us  see  what  these  formulae  will  become  when  an  irregular 
pivot  is  placed  in  the  caliper.     The  accompanying  figure  repre- 
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sents  the  caliper  upon  a  pivot  worn  on  one  side.  We  wish  to  find 
an  expression  for  the  distance  from  the  vertex  of  the  V's  A  to  the 
bar  at  G.     Let  D  be  the  point  of  intersection  of  the  perpendiculars 


from  the  two  points  of  tangency,  B  and  C.     Let  us  call  the  dis- 
tance D  F,  r;  the  distance  B  D,  r',  and  the  distance  C  D,  r". 
Then : 

Similarly  for  the  other  pivot  or  another  position  of  the  same 
pivot : 

For  the  difference  between  two  readings  of  the  spherometer  we 
should  then  have : 

nR^r  —  r,  +  >^  [(r' +  r'O  — (V  +  O]  l/"^ 

In  this  expression,  r,  r^,  r',  r/,  r"  and  r/',  are  different  in  each 
position  of  the  pivots,  and  as  their  mathematical  relation  cannot  be 
ascertained,  the  solution  of  the  equation  is  impossible. 

In  order  to  consider  more  closely  the  working  of  the  instru- 
ment I  quote  the  following  from  Prof.  Harkness*s  article  in  the 
MontJUy  Notices,  vol.  xxxviii,  p.  491. 

This  is  an  example  of  work  done  with  the  spherometer-caliper 
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upon  a  Stackpole  transit  instrument  in  the  United  States  Naval 
Observatory. 


I800, 

.    43.'347 

431180 

0,0167 

0.051 

"5",        . 

.        .    43-1370 

43."J3 

0.0147 

o,04S 

270",        . 

.    4323^7 

43-2t73 

o.or94 

O.OS9 

3>S°. 

.        ■    43-J377 

43*143 

0.0134 

0.071 

Prof,  Harkness  states  :  "  Upon  reducing  these  measurements  my 
first  impression  was  that  the  large  value  of  /  at  315°  must  have 
been  erroneous,  and  1  remeasured  the  pivot  inequality  at  that 
point,  with  the  result  p  =  o.'o75.  This  confirmed  the  first 
measurement,  and  showed  beyond  all  possibility  of  doubt  that 
one,  or  perhaps  both  of  the  pivots  were  elliptical.  An  examina- 
tion of  the  spherometer  readings  upon  the  clamp  pivot  proves  that 
it  is  round,  at  least  within  the  limits  of  error  of  observation,  but 
with  the  lamp  pivot  the  case  is  different.  The  largest  spherometer 
reading  upon  it  is  at  225°  and  the  smallest  at  315°.  These  are, 
therefore,  the  approximate  positions  of  the  major  and  minor  axes 
of  the  ellipse.  The  difference  of  the  spherometer  readings  at 
these  points  is  o'.oo8o.  Substituting  this  in  equation  (5)  we  find 
that  the  semi-major  axis  exceeds  the  semi-minor  one  by  0.000089 
cm. — a  small  quantity  truly,  but  one  about  which  there  can  be  no 
doubt." 

It  will  be  noticed  that  Prof.  Harkness  here  (as  in  the  other  exam- 
ple quoted  in  the  article)  has  taken  readings  in  only  four  positions 
of  the  pivots.  If  lie  had  taken  measurements  in  positions  differ- 
ing from  these  by  180'^  he  would  probably  have  found  that  read- 
ings in  opposite  directions  in  the  same  position  of  the  pivot  would 
give  different  results,  showing  that  the  pivot  was  of  irregular 
shape.  Instead  of  this,  however,  finding  a  larger  reading  in  one 
position  than  in  the  others,  he  called  the  pivot  elliptical  with  the 
major  axis  vertical  when  the  largest  reading  was  obtained.  This 
was  a  possible  interpretation  of  his  readings.  But  in  order  to  hnd 
out  the  linear  difference  between  the  semi-major  and  semi-minor 
axes,  he  substitutes  in  equation  (5)  which,  as  I  have  shown,  is 
true  only  when  the  pivot  is  round. 

Granting  that  his  pivot  is  elliptical,  let  us  see  how  much  his 
result  is  in  error.  As  the  V  of  his  caliper  has  an  angle  of 
90°  its  vertex  is  at  a  constant  distance  from  the  centre  of 
the  elliptical  pivot.      Letting  a  =  the  semi-major,  and  b  =  the 
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semi-minor  axis,  this  distance  would  be  |/  ^2^  +  ^  in  all  positions 
of  the  pivot.  Letting  the  distance  from  the  top  of  the  glass  plate 
to  the  vertex  of  the  V  be  represented,  as  before,  by  C,  we  should 
have  for  the  distance  from  the  top  of  the  glass  plate  to  the  bar  at 
the  bottom  of  the  pivot,  when  the  major  axis  is  vertical, 


C+ v^^  +  ^  +  ^. 
Similarly  when  the  minor  axis  is  vertical, 


» 

The  difference  in  the  spherometer  reading  n  R  va  these  two 
positions  would  therefore  be  the  difference  between  these  two 
quantities,  or : 

n  R  =  a  —  b. 

In  other  words,  in  this  case,  the  difference  between  the  semi- 
major  and  semi- minor  axes  is  equal  to  the  difference  between  the 
spherometer  readings  in  the  two  positions.  In  Prof.  Harkness* 
instrument  R  =  0.02697  cm.  and  the  difference  of  spherometer 
readings  n  =  o'.ooSo.     Therefore : 

a  —  d  =  0.0002 1 576  cm. 

The  semi-major,  therefore,  exceeds  the  semi-minor  axis  by 
000021576  cm.  instead  of  0.000089  ^^'^  ^^  Prof.  Harkness  con- 
cludes by  the  use  of  his  formulae. 

Since  the  error  of  a  result  obtained  by  the  use  of  the  sphero- 
meter-caliper  upon  an  elliptical  pivot,  using  the  formulae  which 
Prof.  Harkness  has  derived,  is  so  large,  it  is  not  likely  that  the 
error  would  be  less  upon  a  pivot  of  irregular  shape.  In  the  latter 
case,  however,  we  could  not  determine  the  amount  of  the  error,  as 
can  be  done  in  the  case  of  an  elliptical  pivot,  because,  as  has  been 
shown,  no  formulae  can  be  derived  which  are  applicable  to  irregu- 
larities. 

It  seems  probable  that  Prof.  Harkness's  pivot  is  not  elliptical. 
There  are  an  infinite  number  of  irregular  shapes  which  would  fit 
his  readings  just  as  well  as  an  ellipse.  Moreover,  an  irregular 
shape  would  be  much  more  probable.  In  use  the  wear  is  nearly 
all  on  one  side.  So  that,  even  if  the  pivot  be  round  or  elliptical 
at  first,  it  must  in  time  become  irregular. 

What,  then,  is  the  use  of  the  spherometer-caliper  ?     In  the  first 
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place,  if  both  pivots  are  exactly  round  the  instrument  will  tell  the 
linear  difference  between  the  radii  of  the  two  pivots  and  the  level 
correction  to  be  applied.  This  is  a  rare  case,  for,  while  in  a  new 
transit  instrument  the  pivots  may  be  round,  the  weight  of  the 
telescope,  bearing  almost  always  on  the  same  side  of  the  pivots, 
will  in  time  wear  them  on  that  side  and  they  will  become  irregular. 

Secondly,  the  instrument  will  show  whether  or  not  the  pivot  is 
round.  But  even  to  accomplish  this  a  much  longer  process  than 
that  used  by  Prof  Harkness  would  be  necessary.  A  measurement 
in  four  positions  shows  next  to  nothing.  We  can,  in  the  measure- 
ments of  the  Rutherfurd  transit,  printed  above,  select  readings  in 
four  positions  which  would,  by  Prof  Harkness's  process  of  reason- 
ing, indicate  that  both  pivots  were  round.  Yet  we  know  that  they 
are  not.  Before  the  pivots  could  be  declared  round  there  would 
be  necessary,  at  least,  measurements  in  eight  positions  at  intervals 
of  45°  throughout  the  circumference,  and  in  order  to  make  the 
conclusion  free  from  doubt  readings  should  be  taken  in  no  less 
than  thirty-six  positions  at  intervals  of  io°.  If  these  agreed  pre- 
cisely one  would  then  be  warranted  in  pronouncing  the  pivot  round. 
If  a  similar  agreement  was  obtained  in  all  positions  of  the  other  pivot, 
it  would  be  quite  proper  to  proceed  to  determine  the  difference,  in 
the  manner  indicated  by  Prof  Harkness. 

Thirdly,  the  instrument  can  detect  the  presence  of  irregularities, 
but  it  cannot  determine  the  amount  of  those  irregularities,  nor  can 
it  show  with  accuracy  their  location. 

I  am,  therefore,  driven  to  the  conclusion  that  the  spherometer- 
caliper  is  useless  for  the  very  purpose  for  which  it  has  been  claimed 
to  be  the  most  valuable. 

As  regards  the  interj)retation  of  the  readings  taken  upon  the 
pivots  of  the  Rutherfurd  transit  instrument,  there  is  but  little  to  be 
said.  Neither  pivot  is  round,  but  both  have  irregularities.  These 
irregularities  are  greater  in  the  clamp  pivot  than  in  the  lamp  pivot, 
and  are  probably  not  in  corresponding  positions  on  the  two  pivots. 
The  lamp  pivot  is  larger  than  the  clamp  pivot,  the  average  differ- 
ence in  reading  being  0.0142  revolutions,  but  as  the  actual  differ- 
ence of  reading  between  the  two  pivots  changes  with  every  change 
of  position  (in  one  place,  at  340°,  the  reading  on  the  clamp  pivot 
is  the  larger),  it  is  not  safe  to  take  this  average  difference  as  a  basis 
to  determine  the  level  correction  for  any  given  position. 

The  question  now  arises,  can  the  spherometer  be  used  to  deter- 
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mine  the  level  correction  for  irregularities?  During  my  investi- 
gation of  the  spherometer-caliper  in  its  present  form,  there  occurred 
to  me  a  plan  for  an  instrument  which  I  believe  would  accomplish 
the  desired  result  and  at  the  same  time  possess  all  the  advantages 
of  the  present  instrument.  The  plan  of  the  instrument  is  as  fol- 
lows :  Instead  of  the  bar  which  form»  the  lower  edge  of  the  aper- 
ture in/(see  Fig.,  p.  i )  construct  a  device  for  holding,  in  an  upright 
position,  the  detached  V  of  the  transit  instrument.  Then,  when 
the  pivot  is  inserted  in  the  caliper,  instead  of  being  pressed  upward 
by  a  straight  bar  it  will  be  pressed  by  its  own  V,  and  the  pivot  and 
V  will  occupy  precisely  the  same  relative  positions  that  they  assume 
when  the  transit  instrument  is  in  actual  use. 

The  V's  of  the  caliper,  aa^  should  be  replaced  by  a  single  V. 
The  angle  of  this  V  should  be  made  to  correspond  exactly  with 
the  angle  of  the  V's  of  the  striding  level.  The  rest  of  the  instru- 
ment might  remain  as  at  present,  except  for  such  changes  as  the 
above  conditions  would  necessitate. 

The  advantages  of  this  form  of  instrument  are  apparent.  When 
the  pivot  is  in  the  caliper,  all  points  of  contact  between  the  pivot 
and  the  transit  V  below,  and  the  pivot  and  the  caliper  V  above  are 
precisely  the  same  as  though  the  transit  instrument  were  in  actual 
use.  the  pivots  resting  in  their  own  V's,  and  the  striding  level  resting 
upon  them.  The  level  correction  for  inequality  in  any  position 
would  then  be  the  actual  difference  between  the  two  pivots  in  that 
position  as  indicated  by  the  spherometer-reading,  the  difference 
being  changed  to  time.  Moreover  this  correction  would  be  wholly 
independent  of  the  shape  of  the  pivot,  being  equally  true,  whether 
the  pivot  be  round,  elliptical  or  irregular. 
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METHODS  OF  MODERN  PETROGRAPHY. 

By  lea  McI.  LUQUER,  C.E. 

This  article  is  intended  to  be  a  continuation  and  completion  of 
the  work  commenced  by  Mr.  H.  Hensoldt.  formerly  of  the  School 
of  Mines,  and  published  in  the  School  of  Mines  Quarterly,  vol. 
X.,  p.  212;  vol.  xi.,  p.  29;  and  vol.  xii.,  p.  132. 

Several  unsuccessful  attempts  have  been  made  to  obtain  from 
Mr.  Hensoldt  the  nnfinishcd  portion  of  his  article  on  "  Methods 
of  Modern  Petrography,"  but  there  seems  to  be  no  prospect  of 
ever  getting  from  him  the  desired  information.  I  have  therefore 
decided,  at  the  request  of  the  editors,  to  put  on  record  the  methods 
used  in  the  Mineralogical  Laboratory  of  Columbia  College,  treat- 
ing the  subject  in  somewhat  more  detail  than  is  generally  done  in 
text-books.  At  the  same  time  I  wish  to  state  that  Mr.  Hensoldt 
is  not  responsible  for  anything  contained  in  this  article. 

The  following  apparatus  and  methods  of  work  have  been  fully 
described  by  Mr.  Hensoldt  in  the  School  of  Mines  Quarterly. 

The  grinding  bench  (Hensoldt  model),  used  both  for  cutting 
and  grinding. 

Diamond  saws,  and  how  to  make  and  charge  them. 

Laps  for  grinding,  with  advantages  of  having  them  made  of 
copper  instead  of  lead  or  iron. 

Method  of  mounting  specimen  for  cutting  by  horizontal  saw, 
and  preparation  of  gum  used  in  mounting. 

Method  of  cutting  specimen  by  the  horizontal  saw. 

Method  of  finishing  one  side  of  section  and  cementing  it  to 
glass  plate  for  grinding  down. 

In  addition  to  the  grinding  bench  (Hensoldt  model),  with  the 
saw  or  lap  revolving  in  a  horizontal  plane,  there  is,  in  the  miner- 
alogical laboratory,  a  cutting  machine  with  the  saw  revolving  in  a 
vertical  plane.  The  advantage  of  the  second  type  of  machine 
over  the  first  is  the  ease  and  security  with  which  a  specimen  can 
be  held  by  clamps,  so  that  sections  can  be  cut  from  it  in  any  direc- 
tion. On  this  second  type  of  machine  there  is  also  a  screw  adjust- 
ment, so  arranged  as  to  make  it  possible  to  cut  strictly  parallel 
sections.     The   disadvantage    is    that   the   vertical    saw    throws 
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water  badly,  while  with  the  horizontal  saw  (Hensoldt  model)  all 
the  water  is  caught  in  a  tin  tray.  See  vol.  xii.,  p.  135.  Another 
disadvantage  in  the  vertical  type  of  machine  is  that  it  cannot 
be  used  for  both  grinding  and  cutting. 

A  third  type  of  machine  is  used  by  the  United  States  Geologi- 
cal Survey  at  Washington,  D.  C.  It  consists  of  an  endless  soft 
iron  wire,  about  ^  inches  in  diameter,  revolving  over  two  pulleys 
or  wheels,  one  of  which  is  driven  by  steam-power.  The  wire  is 
charged  by  dipping  the  fingers  in  water,  taking  up  a  little  fine  (t20 
grade)  emery  and  holding  the  fingers  against  the  wire  above  the 
section.  The  wire  revolves  so  as  to  cut  downwards,  thus  carrying 
with  it  the  emery  taken  from  the  fingers. 

Grinding. 

The  thickness  of  the  section  which  is  to  be  ground  down,  in 
order  to  make  it  transparent,  will  depend  on  the  character  of  the 
rock  from  which  it  has  been  cut.  The  more  porous  and  fragile 
the  rock  the  thicker  the  section  should  be  made,  an  ordinary  sec- 
tion being  about  as  thick  as  a  silver  quarter  of  a  dollar. 

After  the  section  has  been  finished  on  one  side  and  cemented  to 
a  piece  of  plate  glass,  as  described  by  Mr.  Hensoldt,  the  work  is 
continued  as  follows :  The  horizontal  copper  lap,  for  the  first 
grinding,  is  put  in  place,  and,  after  it  has  commenced  to  rotate,  is 
charged  with  emery  and  water.  This  can  be  most  conveniently 
done  by  dropping  on  the  emery  and  water,  either  with  the  fingers 
or  with  a  small  bunch  of  rags  at  the  end  of  a  stick.  A  large  camel's 
hair  brush  may  be  used  for  putting  on  the  finest  emery.  The 
emery  is  distributed  over  the  rotating  lap  by  moving  the  section 
from  the  centre  towards  the  periphery.  The  kind  of  emery  used 
for  this  first  grinding  depends  somewhat  on  the  character  of  the 
rock  section.  If  the  section  is  composed  of  a  hard,  compact, 
fine-grained  rock,  the  first  emery  used  may  be  quite  coarse ;  the 
coarser  the  emery  the  more  rapid  will  be  the  grinding-down. 
For  rough,  quick  work,  Nos.  80  to  100  emery  can  be  used 
until  the  section  becomes  quite  thin ;  then,  while  still  using  the 
same  lap,  substituting  the  finest  corn  emery  (next  coarsest  to  flour 
emery),  and  continuing  the  grinding  until  the  section  becomes 
quite  translucent.  The  lap  must  now  be  changed,  and  the  grinding 
finished  with  the  finest  emery  dust. 

Too  great  care  cannot  be  given  to  cleanliness  while  doing  this 
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sort  of  work.  It  is  well  to  use  one  special  lap  for  the  final  polish- 
ing with  the  emery  dust,  and,  before  putting  the  lap  in  place, 
all  traces  of  the  coarser  grades  of  emery  must  be  removed  from 
the  tray.  A  single  grain  of  the  coarse  emery  getting  on  the  lap 
or  the  section  during  the  final  grinding,  will  often  spoil  the  whole 
work  by  making  a  bad  scratch.  In  grinding  down  the  section, 
great  care  must  be  taken  to  see  that  the  grinding  surface  is  kept 
plane  and  parallel  to  the  surface  cemented  to  the  glass.  The  sec- 
tion is  firmly  pressed  against  the  lap  by  means  of  two  or  three 
lingers,  depending  on  its  size,  and  great  care  should  be  taken  to 
have  uniform  pressure  over  all  parts. 

The  section  should  be  examined  frequently,  and  if  it  is  noticed 
that  one  part  is  thicker  than  another,  place  the  section  on  the  lap 
so  that  the  thicker  part  is  towards  the  periphery,  and  put  a  little 
more  pressure  upon  this  part.  Gutting  or  grooving  the  copper 
lap  is  prevented  by  moving  the  section  from  centre  to  periphery 
and  back,  at  the  same  time  giving  to  it  a  slight  rotary  motion.  It 
is  best  to  have  the  lap  revolve  from  right  to  left  (in  the  opposite 
way  from  the  hands  of  a  watch),  as,  holding  the  section  on  the 
right  side  of  the  lap,  it  is  easier  to  keep  it  in  place  by  a  pulling 
motion  rather  than  by  pushing  it  against  the  motion  of  the  tap. 
In  the  final  stages  of  grinding  and  polishing  great  care  must  be 
exercised,  as  one  or  two  turns  too  many  of  the  lap  will  often  tear 
away  a  great  part  of  the  very  thin  section.  The  section  should  be 
frequently  examined,  by  transmitted  light,  under  a  small,  handy, 
low-power  microscope,  a  drop  of  water  or  oil  being  put  on  the  sec- 
tion to  render  it  more  transparent.  If  the  section  is  thick  and  fast- 
ened to  the  plate  glass  with  a  good  deal  of  cement,  it  will  be  found 
convenient,  after  the  section  has  been  ground  quite  thin,  to  remove 
most  of  this  cement  from  around  its  edges.  If  this  is  not  done, 
it  may  delay  the  final  work  of  grinding  down.  Very  often  it  is  only 
necessary  to  determine  the  presence  or  absence  of  some  special 
mineral  in  a  section.  When  this  is  the  case  the  work  can  be  short- 
ened by  stopping  the  grinding  when  this  mineral,  or  minerals  of  a 
similar  kind,  become  visible,  thus  avoiding  the  additional  time  re- 
quired to  render  the  more  opaque  minerals  transparent.  A  good 
rock  section,  however,  should  be  made  so  thin  that  all  the  trans- 
parent and  translucent  component  minerals  can  be  examined  and 
studied.  The  last  part  of  the  final  grinding  and  polishing  can  be 
done  by  the  hand  on  a  ground-glass  plate,  using  the  finest  emery- 
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dust  or  rouge  and  water.  In  this  way  a  very  thin  film  can  be 
obtained,  so  that  minerals,  generally  regarded  as  opaque,  can  some- 
times be  made  to  transmit  light. 

In  the  U.  S.  Geological  Survey  Laboratory,  at  Washington, 
D.  C,  flour  emery  is  used  for  grinding,  and  the  finest  emery  dust 
for  polishing.  The  finer  emery  makes  better  work,  although  it 
takes  more  time  and  is  much  safer  to  use  in  the  case  of  porphy- 
ritic,  porous  or  brittle  sections,  as  the  danger  of  tearing  away  pieces 
of  the  section  is  avoided.  In  the  case  of  a  porous  or  decomposed 
rock  it  is  well,  before  grinding,  to  boil  the  section  in  Canada  bal- 
sam or  other  equivalent  material,  so  as  to  fill  all  the  pores  and  in- 
terstices, thus  making  the  section  more  compact  and  less  liable  to 
chip  away.  Sometimes  it  may  even  be  best,  before  grinding,  to 
mount  the  section  on  its  permanent  glass  slide,  so  that,  when  it  has 
been  ground  thin  enough,  the  cover  can  be  put  on  without  run- 
ning any  risk  in  transferring  the  section.  The  only  objection  is 
that  the  glass  slide  may  be  a  little  scratched  by  the  emery. 

Mounting. 

When  the  section  is  thin  enough  and  of  uniform  surface  it  is 
ready  to  be  transferred  and  mounted  upon  its  permanent  glass 
slide.  The  glass  plate,  which  has  held  the  section  during  the 
grinding,  is  gently  heated,  and  as  soon  as  the  cement  begins  to 
soften,  the  section  is  very  gently  pushed  off  into  a  shallow  cup  or 
evaporating  dish  containing  turpentine  or  alcohol.  Turpentine  is 
used  in  the  U.  S.  Geological  Survey  Laboratory  and  is  most  con- 
venient for  general  use,  because  common  alcohol  (on  account  of 
the  water  it  contains),  unites  with  the  shellac  to  form  a  kind  of 
white  pasty  substance,  which  is  sometimes  hard  to  remove  from 
the  section.  The  section  should  be  carefully  cleaned  in  the  tur- 
pentine or  alcohol  bath  by  means  of  fine  camel's  hair  brushes.  A 
section-lifter  made  from  a  piece  of  broad,  flat  watch-spring  fastened 
to  a  small,  light  handle,  is  then  gently  placed  under  the  section, 
which  is  lifted  out  of  the  bath  in  an  inclined  position  so  as  to  allow 
the  liquid  to  drain  off".  If  a  drop  still  adheres  it  can  be  removed 
by  touching  it  gently  with  the  finger. 

The  section  is  now  placed  in  a  tray,  upon  a  piece  of  white,  un- 
glazed  paper,  so  that  it  may  thoroughly  dry ;  after  which  process 
it  is  transferred  to  a  glass  slide,  and  its  rough  edges  gently  chipped 
off"  with  a  knife. 
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If  the  section  is  very  large,  and  it  is  desired  to  mount  it  in  two 
pieces,  it  can  be  easily  divided  by  holding  one  half  tightly  between 
two  glass  slides  and  gently  bending  the  other  half  with  the  fingers. 
The  fracture  will  take  place  along  the  edges  of  the  glass  slides. 

In  the  Mineralogical  Laboratory  of  Columbia  College  a  mixture 
of  gum  damar  and  benzole  is  used  for  mounting,  Mr.  Hensoldt 
claiming,  after  years  of  experience,  that  the  gum  damar  does  not 
turn  yellow  with  age,  while  Canada  balsam  may  do  so.  Two  solu- 
tions of  gum  damar  and  benzole  are  used.  One  very  thin,  about 
the  consistency  of  water,  the  other  quite  thick,  about  the  consis- 
tency of  mucilage.  Both  solutions  are  prepared  by  dissolving  the 
gum  damar  in  benzole  and  filtering  through  a  linen  or  silk  rag. 
If  the  solution  is  too  thin  it  can  be  thickened  by  placing  the  bottle 
in  a  warm  place  and  allowing  the  excess  of  benzole  to  evaporate, 
or  if  too  thick,  more  benzole  can  be  added.  It  is  convenient  to 
keep  the  solutions  in  short  glass  bottles,  with  wide  necks  and 
glass  covers  instead  of  corks.  The  solutions  can  be  applied  with 
glass  rods. 

When  the  section  is  all  ready  for  its  final  mounting  it  is  carefully 
centred  with  a  coarse  needle  on  the  glass  slide,  and  a  drop  of  the 
thin  solution  placed  at  the  edge  of  the  section.  Capillary  attrac- 
tion will  cause  it  to  flow  over  the  glass  slide  under  the  section,  and 
while  it  is  soft  the  section  can  be  again  adjusted  in  place.  The 
slide  is  then  placed  in  a  cool,  dust-proof  place  and  allowed  to 
stand  for  about  twelve  hours,  when  the  cement  will  be  set  and  the 
section  held  firmly  in  place.  The  upper  surface  of  the  section  is 
then  washed  with  a  drop  of  benzine,  and  as  much  as  may  be  nec- 
essary of  the  thick  mounting  solution  placed  upon  it  with  a  glass 
rod.  A  cover  glass  of  the  right  size  is  gently  heated  and  placed 
in  position  over  the  section.  Care  must  be  taken  not  to  have  the 
cover  too  hot,  as  it  would  cause  bubbles  to  form  in  the  cement.  It 
is  also  best  to  rest  one  edge  of  the  cover  on  the  cement  first,  and 
then  lower  it  gently  so  as  to  prevent  air  bubbles  from  being  in- 
cluded. The  cover  is  adjusted  and  then  held  firmly  in  position 
by  means  of  a  mounting  clamp,  which  presses  out  all  superfluous 
cement.  If  a  few  small  bubbles  remain  near  the  edges  they  may 
be  let  alone,  as  they  will  generally  work  out  by  themselves  in 
time.  Sometimes  a  large  bubble  can  be  worked  out  by  local  pres- 
sure with  the  finger  and  gentle  heating  with  a  small  iron  rod.  If 
the  mounting  is  unsatisfactory  the  cover  should  be  removed  by 
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gentle  heating,  the  old  cement  washed  off  with  a  camel's-hair 
brush  and  benzole,  and  a  fresh  cover  put  on.  After  the  cement 
has  set,  the  clamp  can  be  removed,  and  the  slide  should  then  be 
left  for  24  hours,  or  longer,  if  necessary,  until  the  cement  is  quite 
hard.     This  takes  longer  in  hot  than  in  cold  weather. 

In  the  United  States  Geological  Survey  Laboratory  at  Wash- 
ington, and  in  most  other  places,  Canada  balsam,  or  balsam  fir,  is 
used  for  mounting.     The  fir  can  be  used  liquid  or  evaporated 
down  to  the  consistency  of  resin.      For  a  description  of   this 
method  of  mounting  I  will  quote  from  The  Study  of  Rocks  (text- 
.books  of  science),  by  Mr.  Rutley,  p.  69 :  "A  glass  slide  (those  in 
ordinary  use  for  microscope  preparations  are  perhaps  as  good  as 
any  for  size,  i  inch  by  3  inches)  must  then  be  placed  on  the  hot 
plate,  which,  however,  should  have  been  allowed  to  cool  before- 
hand ;  a  drop  of  ordinary  fluid  Canada  balsam  placed  carefully  on 
the  middle  of  the  slide,  and  the  gas  or  lamp  lighted  underneath. 
The  section  should  then  be  taken  out  of  the  turpentine  by  means 
of  a  needle  mounted  in  a  handle.     This  may  be  done  by  gently 
pushing  the  needle  underneath  the  section  and  slowly  raising  it, 
when  the  section  will  usually  adhere  to  the  side  of  the  needle. 
Superfluous  turpentine  may  be  removed  from  the  section  by  touch- 
ing  its  lower  edge  with  the  finger,  on  to  which  the  turpentine  will 
flow.     During  this  short  process  the  balsam  on  the  slide  ought  to 
be  closely  watched  to  see  that  it  does  not  get  overheated.     Should 
it  boil  it  is  useless  to  proceed  until  another  slide  with  fresh  balsam 
has  been  warmed  sufficiently  without  boiling.     The  lower  edge  of 
the  section  should  then  be  placed  on  the  balsam,  the  upper  edge 
being  supported  by  the  needle,  and  it  should  be  allowed  to  sub- 
side gently  on  the  balsam,  so  that  no  air  bubbles  are  included. 
The  slide  must  be  at  once  removed  from  the  hot  plate,  or,  better 
still,  it  should  be  removed  before  laying  the  section  upon  it    The 
section  can  be  gently  moved  about  by  means  of  a  needle  to  induce 
the  balsam  to  pass  over  its  edges,  and  the  needle  may  then  be 
used  horizontally  to  drag  the  balsam  over  the  upper  surface  of  the 
section.     If  this  cannot  be  easily  accomplished  an  additional  drop 
of  balsam  may  be  placed  on  the  top  of  the  section,  and  the  whole 
very  slightly  heated.     When  the  section  is  completely  covered 
with  balsam,  a  thin  and  clean  glass  cover  of  suitable  size  should  be 
taken  in  a  pair  of  forceps,  held  for  an  instant  over  the  gas  or  lamp 
flame,  and  be  let  down  gradually  on  the  section.     It  should  be 
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gently  pressed  on  the  surface  to  bring  it  close  to  the  section  and 
to  drive  out  any  air  bubbles ;  a  slightly  rotatory  motion  will  be 
found  useful  for  the  latter  purpose.  The  slide  may  then  have  most 
of  the  superfluous  balsam  scraped  off  and  be  numbered  or  labelled 
by  means  of  a  writing-diamond  and  set  aside  to  dry.  When  what 
remains  of  the  superfluous  balsam  is  found  to  be  tolerably  hard  it 
should  be  removed  as  much  as  possible  by  a  knife  with  a  square 
end  (if  one  with  a  point  be  used  there  is  danger  of  dislodging  the 
cover),  and  the  remainder  may  be  cleaned  off*  with  a  rag  dipped  in 
turpentine,  or,  better  still,  in  benzole." 

The  advantage  of  the  method  used  at  Columbia  College  is  that 
the  section  is  firmly  held  in  place  on  the  glass  slide  before  the 
cover  is  placed  over  it.  so  there  is  no  slipping  or  sliding  of  the 
section,  and  when  the  cover  is  adjusted  in  place  the  work  is  well 
finished  and  the  section  still  in  the  centre  of  the  slide. 


Cleaning  and  Finishing. 

When  the  cement  has  set  the  superfluous  part  is  singed  by 
means  of  a  small  hot  iron  rod.  Care  must  be  taken  not  to  use 
too  large  a  rod  or  to  have  it  too  hot,  as  the  cenient  under  the  cover 
might  soften  and  allow  the  cover  to  slip  or  air  bubbles  to  form. 
The  singeing  drives  off*  the  more  volatile  part  of  the  cement,  and 
leaves  only  a  brittle  residue,  which  can  be  easily  scraped  off*  by  a 
knife.  In  some  cases  it  may  be  necessary  to  singe  and  scrape 
twice.  The  final  cleaning  is  done  with  a  soft  rag  and  benzole.  A 
neat  finish  can  be  given  to  the  work  by  passing  the  slide  quickly 
over  a  gentle  alcohol  flame,  so  that  the  edges  of  the  cover  may 
come  in  contact  with  the  flame.  The  slides  are  now  ready  to  be 
marked,  either  with  a  diamond  pencil  or  with  pasted  labels,  and 
put  away. 

The  shorter  glass  slides  for  mounting  are  now  being  much  used 
in  preference  to  the  3  inch  slides.  The  disadvantage  of  the  latter 
being  that  the  ends  are  apt  to  get  in  the  way  if  the  rotating  stage 
of  the  microscope  is  small. 

The  following  is  a  list  of  the  convenient  accessories  for  work  in 
a  petrographical  laboratory : 

Section  lifters  made  of  watch  springs,  three  sizes. 

Section  holder  or  clamp  for  pressing  out  superfluous  cement. 

Needle  points  mounted  in  light  handles. 

Easy  spring  forceps. 
VOL.  XIII. — 25 
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Mounting  frame  for  centreing  section  on  glass  slide. 
Small  iron  rod  for  singeing. 
Small  camel's  hair  brushes. 
Cutting  pliers  and  forceps. 

Glass  stopper  bottles  for  benzole,  benzine,  turpentine  and  wood- 
alcohol. 

Open  neck  bottles,  with  covers,  for  the  two  mounting  liquids. 

One  dozen  knitting  needles  for  making  drying  racks. 

Set  of  wooden  section  trays. 

Rotating  mounting  stand. 

Small  mounting  microscope  for  testing  transparency  of  section. 

Glass  rods. 

Small  squares  and  rectangles  of  plate  glass. 

Oval  and  square  cover  glasses. 

Glass  slides  with  ground  edges. 

Mineralogical  Laboratory,  Columbia  College. 


NOTES  ON  SAMPLING. 

By  HERBERT  R.  WOOD,  M.A. 

Vein  and  Mine  Sampling. — On  the  methods  of  samph'ng,  vein- 
outcrops,  prospects,  and  mines,  depend  the  actual  value  of  the 
property,  and  its  value  as  known  to  the  public.  Vein-contents, 
their  assay-value  at  the  surface,  and  at  moderate  or  great  depth, 
vary  greatly.  The  character  of  the  ore-vein  will  largely  deter- 
mine the  value  of  the  assay-return  method  of  sampling.  The 
changed  chemical  condition  which  sulphides  of  iron,  copper,  and 
lead,  undergo  at  the  surface,  and  frequently  to  considerable  depth, 
with  an  increase  or  decrease  of  silver,  renders  sampling  uncertain 
and  not  indicative  of  the  actual  value  of  the  mine,  but  only  in  that 
region  of  the  vein  in  which  the  sampling  is  done. 

Vein-outcrops  rarely  assay  the  average  value  of  the  vein ;  in 
some  instances,  however,  they  do,  and,  indeed,  exceed  the  average 
value  of  the  vein  at  greater  depth. 

A  Prospect,  or  the  first  sampling  done  on  a  vein,  should  be 
made  from  a  series  of  pits,  dug  at  intervals  along  the  vein,  as  a 
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single  excavation  cannot  represent  the  average  value  of  the  ore. 
Such  pits  should  be  ten  or  twelve  feet  in  depth,  and,  if  the  vein 
is  mucli  decomposed  on  the  surface,  such  samples  cannot  be  taken 
as  any  criterion  of  the  value  of  the  vein  throughout.  Surface 
samples  cannot  be  regarded  of  any  value  as  to  the  real  character 
of  the  vein.  It  has  been  said  that  the  depth  of  the  test  pits  should 
be  at  least  ten  feet,  but  they  may  be  regulated  according  to  the 
nature  of  the  ore.  If  the  surface  cappings  consist  of  iron  oxides, 
and  carbonates  of  low  assay-yield,  a  short  distance  may  reach  the 
ore-body  in  the  form  of  sulphides,  but  this  must  be  determined  by 
the  judgment  of  the  prospecter.  Gold  bearing  veins  are  frequently 
richer  at  the  surface,  and  the  gold  more  apt  to  be  in  the  form  of 
large  agglutinations,  though  at  the  immediate  outcrop  the  gold 
may  be  entirely  removed.  When  the  gold  accompanies  iron 
pyrites,  and  oxidation  goes  on,  the  ferrous  sulphate  formed,  acting 
as  a  slight  solvent  of  gold,  removes  it,  or  washes  it  out,  or  deposits 
it  in  nugget-like  masses. 

In  sampling  ore  in  which  there  is  native  silver  and  silver  sul- 
phides, the  same  care  is  taken  to  get  a  quantity  of  ore  representa- 
tive of  the  quality  of  the  vein,  holding  rock  and  silver  in  constant 
ratio. 

In  sampling  a  mine  throughout,  for  buying  or  selling  purposes, 
it  should  be  sampled  in  all  the  levels,  and  the  shaft  as  well. 

1.  When  the  ledge  is  exposed  in  end  of  tunnel,  sampled 
thus,  X. 

2.  When  the  ledge  is  exposed  in  bottom  of  the  shaft,  sampled 
thus,  X. 

3.  When  the  tunnel  follows  ledge,  the  vein  should  be  sampled 
from  wall  to  wall,  across  both  roof  and  floor,  every  ten  or  twenty 
feet. 

4.  In  the  shaft,  the  vein  should  be  sampled  from  wall  to  wall  on 
both  sides,  every  fifty  feet. 

These  samples  should  be  kept  separate,  and  separately  assayed, 
and  the  average  of  all  taken  ;  or,  the  samples  may  be  combined, 
quartered,  crushed,  and  assayed — the  result  being  the  value  of 
the  ore  output  from  the  whole  mine. 

Pay-streaks,  when  distinctly  marked  from  the  rest  of  the  vein^ 
may  be  separately  sampled — such  streaks  usually  constituting  first- 
class  ore,  and  the  balance,  second-class.  When  the  ledge  is  de- 
composed on  the  surface,  careful  sampling  should  be  made  from 
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wall  to  wall,  as  usual.     Marked  variations  in  ledge  matter  should 
be  kept  separate. 

Dump  Sampling. — In  sampling  a  dump,  or  an  ore-pile,  it  may  be 
done  quickly  by  grab-sampling.  The  sampler  may  be  blindfolded 
while  he  picks  up  from  the  pile  the  fragments  of  vein  and  ore  with 
which  his  hand  comes  in  contact.  Or,  the  pile  may  be  sampled 
by  a  careful  selection  from  its  surface. 

Car-samples  may  be  taken  in  the  same  way.  None  of  these 
methods  are  as  accurate  as  the  regular  methods  of  sampling  for 
buying  and  selling  purposes. 

The  most  satisfactory  method  of  sampling  a  mine  is  to  take 
from  five  to  ten  tons  of  the  ore  and  ship  it  to  a  mill  or  smelter, 
where  the  actual  commercial  value  of  the  ore  can  be  obtained. 
Such  a  car-load  should  be  taken  from  all  portions  of  the  vein. 

Smelter  Sampling — Slags. — In  sampling  slags  it  is  better  to 
do  so  while  they  are  hot  and  fluid.  A  slender  iron  rod  may  be 
used,  a  portion  of  which  bent  at  one  end  serves  as  a  handle.  It  is 
thrust  into  the  red  hot  slag  and  quickly  withdrawn,  and  instantly 
placed  in  a  bucket  of  water.  The  thin  shale  of  slag  coating  the 
end  of  the  rod  falls  into  the  water.  Where  the  slag  is  run  in  pigs 
on  the  ground  as  from  matte  reverbatory  furnaces,  the  slag  must 
be  broken  before  too  cool,  and  the  rod  thrust  into  its  centre.  In 
this  case  the  rod  is  far  the  best,  but  when  the  slag  is  run  into  pots 
a  small  iron  cap  with  a  long  handle  may  be  used,  the  surface  of 
the  slag  in  the  pot  being  broken  and  the  cup  thrust  into  the  mol- 
ten fluid,  care  being  taken  that  all  the  particles  of  matte  suspended 
in  the  slag  be  first  allowed  to  settle.  The  slag  in  the  cup  should 
be  cooled  slowly,  and,  on  breaking  present  a  glassy  appearance. 
Slag  may  be  sampled  when  cool,  several  pieces  being  broken  off 
from  it,  but  this  method  is  more  inconvenient,  and  is  not  so  repre- 
sentative of  the  quality  of  the  slag.  Surface  samples  should  not 
be  taken  as  bits  of  coke  or  flux  are  apt  to  adhere. 

Matte. — In  sampling  matte  the  cup  should  be  used,  the  slight 
crust  which  has  formed  on  the  pot  broken  and  the  cup  thrust  well 
in,  as  slag  is  frequently  on  the  surface.  If,  however,  the  pot  is 
full  of  matte,  it  is  not  advisable  to  thrust  the  cup  to  the  bottom  as 
speiss  is  very  apt  to  be  present.  The  sample  is  cooled  by  drop- 
ping it  into  a  bucket  of  water.  Where  the  matte  is  riin  into  a 
mouldas  in  copper  reverberatories  the  matte  is  sampled  by  break- 
ing small  chips  from  the  centre  and  one  end  of  the  pig. 
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Zinc  Pots. — The  following  is  the  method  of  sampling  the  zinc 
pots  in  the  desilverization  process:  After  the  final  zincing  and  the 
last  alloy  of  zinc,  a  rich  silver-lead  is  skimmed  from  the  surface  of 
the  pot ;  and  a  long-handled  pair  of  tongs  having  a  cavity  in  each 
tong,  which  when  closed  resembles  a  bullet  mould,  is  thrust  into 
the  pot  by  the  workman,  worked  back  and  forward  until  heated, 
then  suddenly  closed,  drawn  up  and  opened  on  a  clean  board  or 
flag-stone.  This  is  the  method  of  sampling  the  bottom  of  the  pot, 
two  bullets  usually  being  taken.  The  upper  portion  of  the  pot  is 
sampled  by  quickly  thrusting  in  and  quickly  withdrawing  a  thin 
shortbar  of  steel,  rounded  at  one  end;  a  thin  coating  of  lead  will  ad- 
here which  can  be  readily  removed  by  slitting  one  side.  These 
samples  will  vary  slightly  .10,  .08.  The  lower  portion  of  the  pot 
usually  runs  a  trifle  higher  than  the  surface  sample,  though  the 
workman  can  usually  tell  by  the  nature  of  the  last  alloy  removed 
its  crystalline  structure,  etc.,  whether  the  silver  is  all  taken  out. 

Bullion. — The  bullion  direct  from  the  blast-furnaces  is  sampled 
with  a  punch  hammer,  which  removes  a  core  from  each  bar. 
These  cores  may  be  duplicated  by  one  from  the  middle  of  the  bar 
and  one  from  the  end. 

When  pure  refined  or  test  lead  is  manufactured,  the  desilverizing 
process  is  continued  till  the  lead  assays  .005  or  less  silver  to  the 
assay  ton.  This  requires  a  repetition  of  the  zincing  process,  and 
a  re-sampling  after  each  removal  of  the  zinc  alloys.  The  sampling 
is  performed  in  the  same  way  however,  but  the  assayer  uses  two 
assay  tons  from  the  top  and  bottom  of  the  pot,  which  he  first  scori- 
fies and  then  cupels. 

These  should  be  taken,  melted  down  in  a  pot  by  a  moderate  heat 
in  a  wind  furnace  and  the  contents  poured  into  a  mould.  This 
may  be  done  at  the  close  of  a  month's  run.  The  bar  has  a  piece 
chiselled  from  the  end  and  across  the  middle.  This  is  rolled  out 
with  a  hand  roller  to  a  ribbon  the  thickness  of  sheet  lead,  and 
with  shears,  cut  across  into  the  strips,  then  again  cut*across  into 
small  squares  which  are  mixed  up.  Two  assay  tons  weighed  out 
which  are  scorified  and  cupelled.  Usually  it  will  be  found  that 
the  middle  of  the  bar  runs  a  trifle  higher  in  silver  than  the  end. 

Blast- Furnaces. — The  furnaces  are  sampled  at  the  lead  wells, 
the  antimonial  and  copper  oxides  brushed  off  the  surface  and  a 
little  lead  poured  on  to  a  fldt  cold  sheet  of  iron  near. 

So^ENiNG  FurSaces. — The  softening  furnace  is  sampled   in 
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much  the  same  way,  the  sur&ce  cleaned  and  sample  poured  on  the 
flagstone  pavement  near  the  furnace. 

Cupels  and  Silver  Furnaces. — In  sampling  cupels  the  surface 
oxide  is  brushed  away  and  a  cup  thrust  in  and  the  contents 
poured  on  a  clean  portion  of  the  hearth. 

In  silver  furnaces  the  bar  or  poker  end,  first  cleaned,  is  quickly 
thrust  into  the  molten  silver,  coated  and  knocked  off  on  to  the 
hearth.  The  sample  should  be  taken  from  a  portion  of  the  bath 
on  which  no  trace  of  lead  oxide  floats.  In  sampling  the  silver 
while  pouring  into  the  moulds  a  bucket  of  clean  water  should  be 
at  hand,  into  which  a  portion  of  liquid  silver  from  the  ladle  is 
dropped  at  intervals.  If  the  ladle  is  held  high  and  carefully 
shaken  the  silver  will  be  granulated.  After  each  sample  the 
bucket  should  be  cleaned  and  refilled. 

In  smelter  sampling — such  products  as  the  zinc  oxide  formed  by 
driving  steam  into  the  molten  lead — after  the  zincing  process, 
the  flue-dust  from  blast,  cupel  and  silver  furnaces,  the  litharge^ 
cupel  bottoms^  furnace  /imngSy  the  most  of  these  being  sampled  and 
assayed  at  the  close  of  a  month's  run. 

The  sampling  of  flue-dust  and  zinc  oxide  is  done  by  selecting 
portions  from  the  heaps  and  cutting  these  down  by  a  riffle  to  a 

small  bulk. 


THE  ASSAY  OF  TIN. 

By  EDMUND  H.  MILLER,  Ph.B.,  A.M. 

The  work  described  in  this  article  was  undertaken  for  the  pur- 
pose of  ascertaining  the  best  methods  of  assaying  tin  ores  and  also 
to  compare  the  results  obtained  by  the  numerous  different  methods 
on  the  same  ore.  In  order  to  have  a  check  on  the  assays  it  was 
necessary  to  have  an  accurate  analysis  of  the  ore ;  to  be  certain  of 
which  the  various  methods  of  analysis  were  tried  and  then  dupli- 
cates were  run  on  the  one  which  seemed  best,  and  the  average 
of  these  results  was  taken  as  representing  the  true  amount  of 
tin  in  the  ore.     This  figure  was  65.62  per  cent. 

The  assay  of  tin  ore  is  in  reality  the  assay  of  cassiterite,  for 
the  other  minerals  containing  tin  are  too  rare  to  be  of  economic 
importance. 
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The  ore  was  stream  tin  from  Durango,  Mexico,  contained  some 
topaz  and  8.26  per  cent,  ol'  oxide  of  iron.  The  ore  was  ground 
to  80-mesh,  then  very  thoroughly  mixed  and  sampled  for  analysis. 

I,  The  Analyses. 

The  first  method  of  analysts  tried  was  the  reduction  by  hydro- 
gen in  a  Rose  crucible.*  One  gramme  of  finely  ground  stream  tin 
was  placed  in  a  small  porcelain  crucible  and  heated  red-hot  for 
four  hours  while  a  current  of  hydrogen  was  introduced  through 
the  top  of  the  crucible.  The  residue  was  treated  with  concen- 
trated hydrochloric  acid,  transferred  to  a  beaker,  boiled,  then  di- 
luted and  filtered. — Residue  A. 

The  filtrate  was  neutralized  with  ammonia  and  the  precipi- 
tate dissolved  in  a  little  sulphuric  acid,  so  that  the  solution 
was  slightly  acid,  then  the  tin  was  precipitated  by  sulphuretted 
hydrogen  as  dark  brown  SnS, — the  precipitation  was  done  in  the 
cold  and  was  found  to  be  complete ;  the  precipitate  was  filtered 
and  washed  with  a  dilute  solution  of  ammonium  chloride  ignited 
and  weighed  as  SnO,  after  treatment  with  nitric  acid. 

Residue  A  was  dried,  burned  and  heated  as  before  in  a  current 
of  hydrogen  for  one  hour,  then  treated  with  concentrated  hydro- 
chloric acid,  diluted,  filtered,  etc.,  and  saturated  with  sulphuretted 
hydrogen, — the  precipitate  which  formed  was  kept  separate  from 
the  first  and  was  washed,  dried,  roasted  and  weighed. 

As  the  amount  of  tin  obtained  by  the  second  reduction  was  very 
considerable,  a  third  treatment  was  made  on  the  residue  from  the 
second  reduction.  As  a  result  a  little  more  tin  was  obtained.  A 
fourth  treatment  showed  that  all  the  tin  had  been  removed  that 
was  possible  under  these  conditions.     Results  were  as  follows: 

SoOt 

ResMue  A,  weight, 4690 

Residue  B,  weight. 1S40 

Residue  C,  weight 0335 

Total  percentage, 68,55 

Equivalent  to  S3.SS  per  cent.  tin. 

These  results  were  so  unsatisfactory  that  the  method  was  not 
investigated  further. 

•  Crooked  Siltct  Melh<id$,  p.  406. 
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Reduction  by  means  of  granulated  zinc*  and  hydrochloric  acid 
was  also  tried,  but  without  success,  owing  possibly  to  the  omission 
of  a  piece  of  platinum  foil  which  is  claimed  to  greatly  assist  in  the 
efficiency  of  the  reduction. 

The  next  method  was  that  recommended  by  Rose.f 

One  gramme  of  the  ore  was  mixed  with  three  grammes  of  sul- 
phur and  three  grammes  of  carbonate  of  soda  and  fused  for  one 
hour  and  a  half  in  a  porcelain  crucible;  the  mass  was  then  treated 
with  water  when  almost  all  dissolved  to  a  very  dark  green  solu- 
tion ;  the  residue  consisted  of  sulphide  of  iron,  silica  and  unde- 
composed  stream  tin.  The  solution  was  filtered  and  the  filtrate 
diluted  and  acidified  with  sulphuric  acid,  which  produced  a  copious 
yellow  precipitate  of  stannic  sulphide,  SnSj ;  this  was  filtered, 
washed  with  hot  water,  dried,  roasted  with  ammonium  carbonate 
and  then  treated  with  nitric  acid  and  weighed  as  SnOj. 

The  residue  was  treated  with  hydrochloric  acid  to  remove  the 
sulphide  of  iron,  then  burned,  mixed  with  carbonate  of  soda  and 
sulphur  and  re-treated  ;  the  mass  was  treated  with  water  as  before, 
and  precipitate  of  SnS,  was  obtained ;  a  third  fusion  gave  no  more 
tin.     Results  were  as  follows  : 

SnO,. 

First  fusion  weight, 7958 

Second  fusion  weight, *.        .        .0360 

Total  fusion  weight, .8318 

Equivalent  to  tin, ' .        .         .6569 

This  method  was  next  tried,  using  with  one  gramme  of  the  ore 
five  grammes  of  sulphur  and  five  of  soda ;  the  object  was  to  .see 
if  by  increasing  the  amount  of  flux  the  second  fusion  could  be 
avoided.  The  sulphide  of  tin  was  also  redissolved  in  ammonium 
sulphide  as  it  was  found  some  sulphide  of  iron  was  dissolved  by 
the  sodium  sulphide  solution. 

This  method  gave  .7676  gramme  of  oxide  of  tin. 

The  above  method  (redissolving  the  SnS,),  was  then  tried,  but 
with  Rose's  proportions  of  flux,  having  first  ground  the  ore  as  fine 
as  possible  in  an  agate  mortar.  The  result  was  .766J  gramme  of 
oxide  of  tin,  which  seemed  to  check  the  previous  method  very  well, 
but  to  make  sure  that  all  the  tin  was  out  of  the  residue,  it  was 


*  Wells,  School  of  Mines  Quarterly,  xii ,  295. 
f  Quant,  Anal,y  p.  393. 
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treated  again  and  obtaining  .0716  gramme  more  SnO,,  giving  a 
total  of  .8378.  This  result  is  nearly  that  obtained  by  the  first  trial 
and  goes  to  show  that  all  the  tin  in  cassiterite  cannot  be  decom- 
posed by  one  fusion. 

The  third  method  tried  was  fusion  with  acid  potassium  fluoride ; 
one  gramme  of  the  ore  was  mixed  with  five  grammes  of  acid  po- 
tassium fluoride  and  fused  at  a  bright  red  heat  in  a  platinum  cru- 
cible for  twenty  minutes ;  the  mass  melted  very  readily,  and  the 
fusion  was  as  clear  as  water.  After  cooling  it  was  removed  from 
the  crucible  and  boiled  with  hydrochloric  acid ;  the  acid  did  not 
attack  the  cake  easily,  and  some  time  was  spent  in  getting  it  into 
solution ;  it  was  then  filtered.  Attempts  were  made  to  precipitate 
the  tin  as  oxide  in  this  filtrate  by  boiling  with  sulphuric  and  with 
nitric  acid,  but  were  unsuccessful ;  the  filtrate  was  then  made  acid 
with  acetic  acid  and  the  tin  precipitated  by  sulphuretted  hydrogen ; 
the  precipitate  was  black  and  contained  iron;  this  was  filtered, 
treated  with  strong  ammonium  sulphide  and  the  sulphide  of  tin 
precipitated  from  the  double  sulphide  solution  by  neutralizing  with 
sulphuric  acid ;  the  yellow  stannic  sulphide  so  obtained  was  fil- 
tered, washed,  dried,  roasted,  treated  with  nitric  acid  and  weighed 
as  oxide  of  tin  ;  weight,  .7970  grammes. 

This  method  was  tried  again,  the  fusion  being  kept  up  for  over 
one  hour ;  the  mass  was  partially  dissolved  by  water,  which  at- 
tacked it  more  quickly  than  hydrochloric  acid,  then  boiled  with 
hydrochloric  acid  to  dissolve  the  iron.  After  filtering,  the  solution 
was  made  alkaline  with  ammonia,  and  then  acid  with  sulphuric 
and  saturated  with  sulphuretted  hydrogen ;  the  precipitate  was 
treated  as  before ;  weight  SnO,,  .7688  grammes. 

This  method  was  a  third  time  tried  and  the  residue  re-treated  ; 
this  showed  that  all  the  cassiterite  was  not  decomposed  by  one 
fusion. 

The  results  by  this  method  did  not  compare  at  all  favorably 
with  those  from  the  fusion  with  carbonate  of  soda  and  sulphur, 
because  it  required  repeated  fusions  to  decompose  the  ore,  involv- 
ing a  loss  of  tin  on  account  of  the  volatility  of  the  fluoride. 

A  modification  of  Rose's  method,*  was  next  tried,  using  carbon- 
ate of  potash  instead  of  carbonate  of  soda ;  one  gramme  of  the  ore 
was  mixed  with  3  grammes  of  KgCOjand  3  grammes  of  sulphur  and 


♦  Dry  Assay  of  Tin  Ores,  H.  O.  Hofman,  Trans.  M,  E.,  1889,  xviii,  p.  1 1 
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fused  for  forty-five  minutes  in  a  porcelain  crucible ;  the  mass  was 
dissolved  in  water  and  gave  a  yellow  solution  free  from  sulphide 
of  iron,  instead  of  the  dark-green  solution  from  the  soda  and  sul- 
phur fusion;  the  rest  of  the  operation  was  conducted  as  before,  the 
residues  being  ground  fine  in  an  agate  mortar  each  time  and  re- 
.  treated.     Results  were  as  follows : 

SnOs. 

First  fusion  weight, 4751 

Second  fusion  weight, 2555 

Third  fusion  weight, 0923 

Fourth  fusion  weight, 0100 

Total, 8330 

Percentage  of,  83.30  of  tin, 65.53 

I  consider  this  method  upon  the  whole  the  most  accurate  and 
satisfactory,  although  it  is  not  a  rapid  one. 


Comparison  of  Results. 


1  Rose  crucible  hydrogen, 

2  Na^COj  and  S.  residue  re-treatea, 

3  Na,CO,  and  S.  residue  not  re-treated, 

4  Na^CO,  and  S.  residue  not  re -treated, 

5  NajCOj  and  S.  residue  re-treated, 

6  K.  H.  Fj,     .         .         •         . 

7  K.  H.  Fj,     .... 

8  KjCOj  and  S.  residue  re-treated, 
Average  of  2,  5  and  8,     . 


SnO,. 

8n. 

68.55 

53.88 

83.18 

65.43 

76.76 

6032 

76.62 

6027 

83.78 

65.90 

79.70 

6269 

76.88 

60.37 

83.30 

65.53 

83.42 

65.62 

II.  a. — Assay  Methods  Giving  Tin  Buttons. 

German  Method,* — Five  grammes  of  the  ore  was  mixed  with  one 
gramme  of  very  finely  ground  charcoal  and  placed  in  the  bottom 
of  an  ordinary  Hessian  crucible,  No.  5.  Over  this  was  placed  15 
grammes  of  black  flux  substitute  mixed  with  i  gramme  of  borax 
(the  black  flux  substitute  is  made  by  mixing  10  parts  NaHCOj 
with  3  parts  flour),  then  a  cover  of  salt,  and  on  this  several  lumps 


*  Last   cit.     Glass,  Metallurgiscke  Probirkundsty   Leipsic,   1882,   p.  412.     Kerl- 
Batty,  Die  Probirktmde^  Brunswick,  1879,  p.  391. 
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of  charcoal.  The  crucibles  were  put  in  a  coke  crucible  fire  and 
left  there  one  hour  and  twenty  minutes  at  a  good  heat.  The  slag 
was  clear,  well  fused  and  dark-brown;  the  buttons  weighed  3.10 
and  3.29  grammes,  respectively  (Nos.  i  and  2). 

Doubling  the  above  charge  was  then  tried,  but  in  all  other  re- 
respects  the  assay  was  run  in  the  same  way.  Buttons  weighed 
6.465  and  6.250  (Nos.  3  and  4). 

The  next  assays  were  made  in  the  same  way  but  a  lower  heat 
was  used,  giving  a  lower  result.  Slag  was  brown,  well  fused. 
Time,  one  hour.  Weights  of  buttons,  5.060  and  5.370  (Nos,  5 
and  6). 

(No.  7,)  Same  charge  but  hotter  fire ;  gave  good  button  weigh- 
ing 6.365,  Nos.  8  and  9.  These  assays  were  made  in  a  charcoal- 
lined  crucible.  Ten  grammes  of  ore  and  2  grammes  of  charcoal 
were  mixed  together  and  put  in  the  bottom,  then  covered  with  a 
mixture  of  20  grammes  of  black  flux  substitute  and  i  of  borax 
glass,  then  lumps  of  charcoal.  The  assays  were  heated  as  usual ; 
they  were  unsuccessful,  as  the  porous  lining  seemed  to  absorb  all 
the  slag,  so  that  the  button  did  not  collect  well. 

Nos.  10  and  11  were  an  experiment,  as  5  grammes  of  argol  were 
substituted  for  the  flour  in  the  black  flux  substitute ;  so  the  charge 
was  as  follows:  Ore,  10;  charcoal,  2;  at^ol,  5 ;  soda,  20;  borax 
glass,  I.  Salt  cover,  charcoal.  They  were  fused  in  a  hot  fire  for 
three-qnarters  of  an  hour.  Weight  of  buttons,  4.40  and  3.25 
grammes. 

Nos.  12  and  13  were  run  in  charcoal-lined  crucibles  with  the 
following  charges  :  Ore,  5  grammes  ;  B.  F.  S.,  15  grammes ;  borax 
glass,  1  gramme;  charcoal,  i  gramme;  salt  cover,  lump  charcoal. 
Time,  one  hour ;  good  reduction,  but  buttons  failed  to  collect  well. 
Results  practically  same  as  Nos.  8  and  9. 

Nos.  14  and  15.  Charge  same  as  3  and  4  but  fire  very  hot 
(white  heat).     Time,  one  hour.     Buttons,  6.422  and  6.683. 

This  shows  that  it  is  possible  to  reduce  iron  by  the  German 
method  if  the  charges  are  heated  to  a  white  heat. 

Nos.  16  and  17.  Same  as  15  and  16,  but  moderate  fire.  But- 
tons, 6.281  and  6.278. 

I  then  tried  the  German  method  in  the  muffle  furnace  using  flat 
bottomed  crucibles.  Charge  same  as  1  and  2.  Time,  45  minutes. 
Whiteheat.  Weightsof  buttons,  3.270 and  2.890.   Nos.  i8andi9. 
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Comparison  of  Results. 

Assay.  Time.  Fire.  SUg.  Percentage. 

No.                                                   Minutes. 
I, 80  Hot.  Brown.  62.00 

2, '*  "  '*  65.80 

3, "  "  "  64.65 

4, "  *'  "  62.50 

7 60  **  **  63.65 

14, "  White  heat.  "  64.22 

15, «  '*  "  66.83 

16,         .        .                 .        .      "  Moderate.  **  62.81 

17, »<  ♦'  "  6278 

Average, 63.92 

I  believe  this  to  be  one  of  the  best  methods  of  determining  tin 
in  a  high  grade  ore;  to  be  run  successfully  a  long  time  (i.^.,  i 
hour)  and  a  hot  fire,  between  a  bright  red  and  a  white  heat,  but 
not  as  hot  as  a  white  heat,  are  necessary.  I  think  good  results 
may  be  obtained  in  the  muffle  by  this  method. 

Cyanide  Method.^ — The  first  three  assays  by  this  method  were 
made  with  a  very  poor  quality  of  cyanide,  such  as  is  used  for 
amalgamation.  Charge  was :  Ore,  10  grammes  ;  5  grammes  cyan- 
ide put  in  bottom  of  crucible ;  25  grammes  cyanide  mixed  with 
ore  and  placed  on  top,  then  a  cover  of  5  grammes  of  cyanide  and 
a  cover  of  salt.  The  charges  were  heated  up  slowly  and  left  in  a 
moderate  fire  for  20  minutes  after  fusion.  Weights  of  buttons 
were  as  follows:  No.  20,  5.78;  No.  21,  5.840;  No.  22,  5.675. 

Five  assays  were  next  made  using  different  amounts  of  cyanide 
and  mixing  it  all  with  the  ore.  The  object  was  to  ascertain  what 
quantity  of  cyanide  it  was  necessary  to  use  and  also  to  see  whether 
the  layer  of  cyanide  in  the  bottom  and  on  top  was  advantageous. 

In  each  case  10  grammes  of  the  ore  was  used  and  the  charge 
heated  in  a  good  fire  for  25  minutes. 

No.  Cyanide.         Weight  Perceutage. 

Grammes.        Button. 

23, 10  1.744  17.44 

24, 20  4.170  4X.70 

25, 30  4.941  49.41 

26, .40  5073  50.73 

27, 50  5.195  51.95 

*  Dry  Assay  of  Tin  Ores^  p.  22,  Hofman.     Ricketts,  Notes  on  Assayings  p.  86. 
MitchePs,  Assayings  p.  409.     Beringer,  Assayings  p.  234.     Die  Frobirkunde^  '879,  p. 

391. 
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These  assays  show  that  up  to  50  grammes  the  amount  reduced 
increases  with  the  amount  of  cyanide  used,  and  also  that  the  layers 
of  cyanide  top  and  bottom  are  necessary.  Nos.  28  and  29.  Ore, 
10  grammes  ;  5  grammes  KCy  in  bottom,  then  30  grammes  mixed 
with  ore,  then  5  grammes  KCy,  then  salt  cover — ordinary  unlined 
Hessian  crucibles  were  used — as  in  previous  assays.  Charges 
were  heated  for  i  hour  in  a  hot  fire.  The  cyanide  used  was  of  a 
better  quality  than  that  employed  in  the  first  assays.  Slag  was 
dark  green  and  well  fused.  Weights  of  buttons  were  6.295  and 
6.860.  Nos.  30  and  31  were  run  as  above  except  that  chalk-lined 
crucibles  were  used.  The  slags  were  light  green,  porous  and 
pasty.     Buttons  weighed  5.300  and  6.030. 

Nos.  32  and  33  were  run  with  same  charge  in  a  hot  fire  for  45 
minutes.     Slag  wiis  green.     Buttons  weighed  6.683  ^^^  6.442. 

Nos.  34  and  35  same  as  above,  except  in  chalk-lined  crucibles. 
No.  34  slag  porous.  Result  low.  No.  35  slag  green.  Button 
weighed  6.842. 

No.  36  was  run  in  an  unlined  crucible  with  the  usual  charge, 
but  with  chemically  pure  cyanide  (98  per  cent.  KCy)  in  as  hot  a 
fire  as  possible.     Slag  was  white.     Button  weighed  7.089. 

No.  37  same  as  No.  36,  but  in  chalk-lined  crucible.  Time  of 
both  45  minutes.     Weight  button,  7.190. 

Nos.  38  and  39  same  charge,  but  low  heat.  No.  38  naked 
crucible.  Weight  button,  6.870.    No.  39  chalk-lined  crucible,  6.3 1 5. 

Nos.  40,  41  and  42  same  charge,  except  no  salt  cover^  ordinary 
cyanide  being  used.  Moderate  fire ;  time  30  minutes.  Slag  gray. 
Weights,  No.  40,  6.193  ;  No.  41,  6.015  ;  No.  42,  6.175.  Buttons 
were  well  formed,  bright  and  fairly  soft, 

Nos.  43,  44  and  45  same  as  previous,  but  pure  cyanide  was 
used.  No.  43,  6.938;  No.  44,  6.896;  No.  45,  6.812.  Buttons 
were  dull. 

The  next  assays  were  run  to  test  the  merits  of  the  salt  cover ; 
the  usual  charge  was  used  (ordinary  cyanide).  Nos.  46  and  47 
had  salt  covers.  Nos.  48  and  49  had  not.  46  and  48  were  in  one 
fire  and  47  and  49  in  another,  so  the  conditions  were  the  same  in 
the  case  of  those  with  and  without  salt  covers.  Weights,  No.  46, 
6.362 ;  No.  47,  6.590;  No.  48,  5.970;  No.  49,  5.92b: 

This  seems  to  me  to  be  sufficient  to  show  the  advisability  of 
using  a  cover  of  salt. 

I  next  tried  some  assays  to  see  if  a  mixture  of  black  flux  sub- 
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stitute  and  cyanide  would  give  satisfactory  results,  and  found  that 
it  would  not. 

No.  50,  ore,  10  grammes,  KCy,  5  grammes,  in  bottom,  then 
KCy,  20  grammes  and  B.  F.  S.,  10  grammes,  mixed  with  ore,  then 
KCy,  5  grammes,  salt  cover.  Moderate  fire,  30  minutes.  Slag 
white.     Button  weighed  6.005. 

No.  51  same  as  No.  50,  except  KCy  15  grammes,  B.  F.  S.  15 
grammes,  mixed  with  ore.     Weight  of  button,  6.045. 

No.  52  same  as  50,  encept  KCy  10  grammes,  B.  F.  S.  20  grammes, 
with  ore.     Weight  of  button  5.955. 

No.  53  same  as  50,  but  time  45  minutes  in  a  fairly  hot  fire. 
Weight  of  button  6.160. 

No.  54  same  as  53,  except  KCy  10,  B.  F.  S.  20.  Weight  of 
button  5.793. 

No.  55  same  as  53,  except  B.  F.  S.  30  grammes.  Weight  of 
button  5.277. 

From  the  assays  by  the  cyanide  method  it  seems  that :  first 
chalk-lined  crucibles  are  objectionable  because  they  render  the 
fusion  pasty  at  a  low  temperature  giving  a  porous  slag,  while,  if  the 
heat  is  raised  so  as  to  fuse  them,  iron  is  reduced  which  renders  the 
results  too  high ;  second,  chemically  pure  cyanide  will  reduce  iron 
at  a  lower  temperature  than  the  ordinary  cyanide ;  third,  a  salt, 
cover  is  necessary ;  fourth,  the  layer  of  cyanide  on  the  bottom  and 
top  of  the  charge  is  a  decided  advantage. 

I  also  tried  running  cyanides  in  the  muffle ;  the  following  charge 
being  used.  Ore,  5  grammes,  KCy,  5  grammes  on  the  bottom, 
then  25  grammes  mixed  with  the  ore  then  cover  of  cyanide,  then 
salt  and  finally  lumps  of  charcoal.  They  were  kept  in  a  hot  fire 
for  twenty  minutes,  the  buttons  were  good. 

Weight  Per 

No.  button.  cent. 

56 3.218  64.36 

57» 3.443  68.86 

Cryolite  Method. — Was  tried  as  follows  :  Ore,  10  grammes,  cryo- 
lite, 10  grammes,  charcoal,  2  grammes,  mixed  together  and  put  in 
naked  crucible,  and  covered  with  salt  and  charcoal ;  heated  in  cru- 
cible fire  ;  result  no  buttons,  and  no  apparent  reduction.  (No.  58 
and  59). 
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II.  b. — Assay  Methods  Giving  Alloys  from  Whose  Weight 
THE  Amount  of  Tin   can  be  Calculated. 

Bronze  Buttons.* — First  method.  Oxide  of  copper  and  black  flux 
substitute.  No.  60  and  61  :  Ore,  10  grammes,  oxide  of  copper 
(CuO),  10  grammes,  black  flux  substitute,  40  grammes,  borax  glass, 
I  gramme,  were  mixed  together  and  put  in  an  unlined  Hessian 
crucible,  and  then  a  cover  of  salt  added ;  the  crucible  was  placed 
in  a  hot  fire  and  the  charge  fused  for  one  hour;  the  slag  was  dull 
green  and  well  fused,  buttons  weighed  13.13  and  12.82  grammes  ; 
subtracting  the  amount  of  copper  in  10  grammes  of  oxide  of 
copper  7.97  gives  the  weight  of  tin  5.260  and  4.850.  No.  62  and  63, 
same  as  above  except  crucibles  were  lined  with  chalk :  weight  of 
tin  in  buttons  5.600  and  5.250.  No.  64  and  65  :  Ore,  10  grammes 
B.  F.  S.,  10  grammes  mixed  and  put  in  a  charcoal  lined  crucible, 
covered  with  lumps  of  charcoal ;  crucibles  were  heated  as  before 
one  hour  in  a  hot  fire ;  there  was  very  little  slag  as  most  was  ab- 
sorbed by  the  lining.  Weights  of  buttons,  14.02  and  1 3.85,  equiva- 
lent to  60.50  and  58.80  per  cent,  of  tin. 

These  results  corroborate  those  obtained  by  cyanide  and  black 
flux  substitute,  and  show  that  black  flux  substitute  is  not  a  proper 
reducing  agent  for  cassiterite  under  any  conditions. 

Oxide  of  Copper  and  Cyanide  of  Potassium. — No.  66  and  67 :  5 
grammes  of  cyanide  was  placed  in  the  bottom  of  an  ordinary  No. 
5  Hessian  crucible,  then  30  grammes  of  cyanide  was  mixed  with 
10  grammes  of  the  ore  and  placed  on  top,  then  a  cover  of  cyanide 
(no  salt).  Charge  was  heated  for  one  hour  in  a  fairly  hot  fire ;  the 
slag  was  stony  and  gray,  buttons  were  bright  and  well  formed, 
weighed  No.  66,  13.7660,  No.  67,  13.480  equivalent  to  tin,  5.796 
and  5.490  (subtracting  7.97).  No.  68  and  69  same  as  above  but 
run  in  chalk  lined  crucibles ;  slag  was  porous  and  buttons  were  not 
well  shaped;  weighed  13.72  and  13.89;  tin  5.750  and  5.920. 

Two  assays  were  run  in  unlined  crucibles  with  same  charge, 
and  salt  cover,  and  with  them  a  blank  assay  to  determine  the 
real  amount  of  copper  reduced,  70,  71,  72. 

No.  Weight  button.  Per  cent. 

70, 13.8660     7.3960  6.470 

7>. i3-7'5o    7.3960  6.3190 

7.3960  is  the  weight  of  copper  button  from  the  blank  assay  ;  this 


♦  Hofman,  p.  37.     Winkler,  Berg   und  Ilitttenrndnnhche   feitungy  1864,  p.  17. 
Mitchel,  p.  411. 
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is  very  much  below  tl^e  theoretical  amount  of  copper  present,  7.97, 
and  accounts  for  the  low  results  in  assays  66,  69 ;  subtracting  the 
weight  of  copper  obtained  from  the  blank  from  the  weight  of  these 
bronze  buttons,  I  get  as  follows :  No.  66,  6.370,  No.  67,  60.90,  No. 
68,  6.330,  No.  69,  6.500. 

In  this  method  the  disadvantage  of  the  chalk  lining  is  not  in  the 
weight  of  the  buttons,  but  in  the  porous  and  pasty  condition  of  the 
slag  and  in  the  irregular  form  of  the  buttons. 

Had  a  blank  assay  been  run  with  the  black  flux  substitute  assays 
better  results  would  have  undoubtedly  been  ^obtained,  but  the 
weights  were  so  low  that  the  method  did  not  seem  to  merit  further 
investigation. 

II.  c. — Assay  Methods  Giving  an  Alloy  to  be  Treated 

BY  Wet  Methods. 

Copper  Oxide  and  Cyanide. — Two  grammes  of  the  ore  was 
mixed  with  10  grammes  of  cyanide,  and  placed  in  a  small  Hessian 
crucible  on  a'  layer  of  cyanide,  and  then  covered  with  a  second 
layer,  as  usual,  then  salt  cover,  and  heated  in  a  hot  fire  three 
quarters  of  an  hour. 

Three  assays  were  run  in  this  way  and  the  results  averaged. 
No.  72,  73,  and  74.  the  buttons  were  then  treated  with  nitric  acid 
and  the  oxide  of  tin  weighed.  The  percentage  of  SnOj  was  81.26 
equivalent  to  63.92  of  tin. 

Grammes. 
Average  weight  of  bronze  buttons,   .         ,         ...         ,        .    4.857 

Average  weight  of  tin  subtracting  theoretical  amount  of  Cu  in 

5  grammes  CuO, 872 

Average  weight  of  tin  subtracting  Cu  as  found  blank  assay,      .     1.159 

Average  weight  of  tin  in  buttons  as  calculated  from  weight  of 

SnO„ 1.2784 

This  method  of  using  copper  as  a  collecting  agent  for  the  tin  is 
recommended  for  low  grade  ores  as  it  prevents  the  loss  of  small 
particles  of  tin  in  the  slag. 

From  the  foregoing  experiments  there  seems  to  be  four  methods 
of  assaying  cassiterite  which  give  sufficiently  accurate  results  for 
practical  work:  the  German  method;  cyanide;  oxide  of  copper 
and  cyanide  when  blank  assay  is  run  ;  oxide  of  copper  and  cyanide 
when  button  is  treated  with  nitric  acid  and  the  oxide  of  tin 
weighed. 
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Assays  of  tin  should  always  be  run  in  duplicate  and  the  aver- 
age, not  the  highest,  taken. 

In  the  German  method  an  hour  in  a  fire  almost  at  a  white  heat 
gives  the  best  results. 

Cyamde  Method. — The  following  charge  is  the  best.  KCy  5 
grammes  in  bottom  of  crucible,  then  30  grammes  mixed  with  the 
ore  then  cover  of  5  grammes  more  then  salt  cover ;  use  an  unlined 
crucible  and  heat  at  a  red-heat  (not  a  bright  red),  for  twenty  to 
twenty-five  minutes ;  the  results  obtained  using  this  charge  were 
as  follows : 

No.  Per  cent. 

l      Ordinary  KCy,  hot  fire  45  minutes,  salt  cover,     .         ,      "j  ^ 

I      Ordinary  KCy,  low  heat  30  minutes,  salt  cover,    .        •      j  ^ 
Average, 65.19 

Oxide  of  copper  and  cyanide :  Use  same  same  charge  as  in 
cyanide  method  adding  10  grammes  of  black  oxide  of  copper ;  heat 
in  a  hot  fire  for  three  quarters  of  an  hour ;  with  every  set  of  assays 
run  one  with  same  charge,  leaving  out  the  ore  and  subtract  the 
weight  of  the  copper  button  from  the  weights  of  the  bronze  ones. 
Results  by  this  method  : 

No.  Per  cent. 

70, 64.70 

71 63.19 

Average, 6395 

In  the  method  where  the  bronze  button  is  dissolved  in  nitric 
acid  it  is  not  advisable  to  get  too  large  a  button  on  account  of  the 
time  taken  in  dissolving  it;  I  would  recommend  taking  such 
amounts  of  ore  and  oxide  of  copper  as  to  give  a  button  of  about 
three  grammes,  of  which  over  two  grammes  should  be  copper. 

There  are  several  other  methods  of  assaying  tin  in  use,  and 
many  more  to  be  found  by  consulting  the  literature  on  the  subject, 
but  they  all  seemed  less  feasible  than  the  ones  described. 

One  very  important  point  in  connection  with  the  assay  of  tin 
ores  is  the  concentration  of  a  large  sample  down  to  a  small  one 
containing  the  tin  for  assay;  this  may  be  done  in  a  pan,  or  by 
coarse  jigging.  The  high  specific  gravity  of  cassiterite  renders 
this  comparatively  easy. 
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ABSTRACTS. 


Analytical  Chemistry,  by  E.  Waller,  Ph.D. 

Composition  of  Glass  Suited  for  Chemical  Apparatus,  Weber  and 
Sauer  {Berichte^  xxv.,  70).  Flasks  constructed  of  glasses  of  different 
composition  were  tested  by  boiling  in  them  water,  25  per  cent.  H,SO^, 
12  per  cent.  HCl,  10  per  cent,  ammonia,  2  per  cent.  Na^HPO^,  and  2 
per  cent.  Na^CO,,  and  then  determining  the  amount  of  loss  sustained. 
The  water  was  caused  to  act  for  five  hours^  the  other  reagents  for  three 
hours  each.  The  glass  least  affected  by  the  reagents  had  the  compo- 
sition 6Si02 :  iCaO  :  1.3-1.5  alkali.  It  is  preferable  to  have  Na,0  pre- 
dominate over  the  K,0. 

Testing  Ammonia  Solution,  Hertkorn  {Chem.  Zeit.^  xv.,  1493)  finds 
that  ammonia  solution  may  contain  carbamate.  If  an  equal  bulk  of  lime- 
water  is  added  only  a  trifling  turbidity  may  be  produced.  (Test  of  the 
German  Pharmacopoeia  for  carbonate.)  Carbamate  may,  however,  be 
present,  and  fail  to  show  its  presence  until  the  mixture  is  heated. 

Impurities  in  Platinic  Chloride.  Holleman  {Chem,  Zeit.,  xvi.,  35). 
The  presence  of  sulphuric  acid  is  not  detected  by  the  usual  tests — clear 
solution  with  absolute  alcohol,  and  the  residue  after  ignition  yielding 
nothing  soluble  in  HNO,.  A  sample  containing  H^SO^  was  found  to 
give  unsatisfactory  results  in  the  determination  of  potassium. 

Standardizing  A Ikalimetric  Solutions,  Weld  {/.  Anal,  and  App,  Chem,^ 
vi.,  191)  has  tested  standardizing  HCl  gravimetrically  and  volumetrically 
with  AgNO,,  exactly  neutralizing  with  ammonia  and  distilling  with 
NaOH,  neutralizing  with  NaHCO,,  etc.  His  conclusions  are;  i,  that 
the  gravimetric  method  gives  too  low  results ;  2,  that  the  distillation  of 
an  ammonia  salt  with  NaOH  gives  too  high  results ;  and  3,  that  the  true 
value  of  standard  solutions  may  be  obtained  very  closely  with  either 
soda,  potassium,  tetroxalate,  oxalic  acid,  or  sodium  bicarbonate. 

Potassium  tetroxalate  was  found  to  possess  many  disadvantages. 

Potassium  Determination.  Jean  and  Trillat  {BulLSoc,  Chim.  [3]  vii., 
228).  Dissolving  the  K,PtClg  in  boiling  water  and  precipitating  Pt  by 
boiling  with  NaCHO,  has  the  disadvantage  of  giving  very  finely  divided 
Pt,  which  may  run  through  the  filter  or  adhere  to  the  beaker.  The 
use  of  formic  aldehyde  gives  a  precipitate  not  possessing  these  objection- 
able features. 

Potassium  Estimation,  Vftnse\Zts,f,Angew.  C^^m.,  1891,  69).  The 
perchlorate  method  has  fallen  into  disuse  on  account  of  the  solubility  of 
the  potassium  perchlorate  in  water  or  alcohol.     The  author  finds  that  it 
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is  practically  insoluble  in  a  mixture  of  alcohol  and  ether  (2:1),  and 
also  in  alcohol  containing  0.2  per  cent,  .of  perchloric  acid,  and  that  by 
use  of  such  alcohol  accurate  estimations  can  be  made. 

Separation  of  Sirontium  and  Calcium,  Browning  (^Am,  J^  Set.,  xliii.) 
applies  the  use  of  aniyl  alcohol  on  the  nitrates  in  a  similar  manner  to 
Gooch's  method  for  the  separation  of  LiCl  from  KCl  and  NaCI. 
Ca(NOg),  is  quite  soluble  in  anhydrous  amyl  alcohol,  whereas  Sr(NOs), 
is  scarcely  soluble.  Evaporate  the  aqueous  solution  containing  the  mixed 
nitrates  (0.2  gramme  of  each)  nearly  to  dryness,  or,  if  dried,  redissolve 
in  very  little  water,  add  about  30  c.c.  amyl  alcohol,  boil  out  the  water, 
filter,  wash  with  anhydrous  amyl  alcohol,  dry  at  150*  and  weigh 
Sr(NO,),.  Add  o.ooi  gramme  to  the  calculated  weight  of  SrO  for  every 
25  c.c.  of  amyl  alcohol  left  at  the  end  of  the  boiling. 

Titration  of  Iron,  Moraht  {Zts,  f  Anorg.  Ckem,^  i.,  part  3).  The 
standard  solution  is  one  of  potassium  ferrocyanide.  The  precipitate 
is  Fe,Cyj,.  The  indicator  is  KCNS.  In  order  that  the  end-reaction 
may  be  readily  detected,  ether  is  added,  in  which  the  ferric  sulpho- 
cyanate  is  soluble.  The  operation  is  conducted  in  a  flask  fitted  with  a 
ground  stopper;  about  50  c.c.  of  ether  is  added,  and  the  flask  closed 
and  vigorously  shaken  after  each  addition  of  the  standard  solution,  until 
the  ether  becomes  colorless.  A  preliminary  rough  titration,  followed  by 
a  close  titration,  on  separate  portions  of  the  solution,  are  usually  neces- 
sary. 

Iron  in  Bone-Black,  Terne  (y".  Anal.  andApp,  Chem,^  vi.,  211)  finds 
that  bone-black  has  a  tendency  to  remove  iron  from  solutions  rather  than 
to  give  it  up  to  them.  The  most  of  the  iron  can  be  removed  by  pass- 
ing a  magnet  through  the  ground  black  spread  on  a  sheet  of  paper.  Re- 
sults obtained  in  this  way  are  always  in  excess  of  the  truth,  from  adher- 
ence of  C,  etc.,  but  the  method  is  useful. 

For  the  chemical  determination,  incineration  of  the  black  is  neces- 
sary, since  the  organic  matter  of  fresh  black  may  reduce  some  perman- 
ganate, and  be  reckoned  as  iron. 

Copper  and  Nickel  in  OreSy  ^tc.  Browne  (^/our.  AnaL  and  App. 
Ckem.y  vi.,  181)  gives  the  method  pursued  in  the  laboratory  of  the 
Canadian  Copper  Company  at  Sudbury,  Ont. 

For  ores,  etc.,  containing  about  10  per  cent,  of  combined  metals,  take 
I  gramme.  For  mattes  containing  40  or  50  per  cent,  metal,  0.5  gramme. 
For  richer  samples,  0.25  gramme. 

Dissolve  in  No.  i  beaker  with  10  c.c.  strong  HNO,  and  3  c,a  HCl, 
evaporate  slowly  to  dryness,  dissolve  in  H,0,  add  a  few  drops  H,SO^, 
filter,  add  a  drop  of  strong  HNO„  and  precipitate  Cu  by  the  battery  (4 
gravity  cells  suffice  for  six  solutions) ;  leave  over  night. 

Oxidize  the  liquid  decanted  from  the  Cu  with  HNO3  ^"^  precipitate 
twice  with  ammonia.  Dissolve  the  second  precipitate  in  HCl,  neutralize 
completely  with  Na^CO,,  add  10  c.c.  HC^H,0^  and  a  teaspoonful  of 
NaCjHgOj,  Just  bring  to  a  boil,  stir,  let  settle,  filter,  and  wash  as  usual. 
Concentrate  the  filtrate. 
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Unite  all  the  filtrates  in  a  No.  6  beaker.  Neutralize  with  HCl,  make 
faintly  ammoniacal,  heat  to  boiling,  and  pass  H,S  for  five  minutes. 
Let  settle,  keeping  the  solution  hot.  Filter  rapidly  through  a  large 
filter,  12.5  cm.     Wash  two  or  three  times  with  hot  water. 

Dry  the  precipitates,  incinerate  in  porcelain  crucibles,  dissolve  in  a 
little  water  with  a  few  drops  HNO,,  evaporate  to  dryness  slowly  and 
then  dissolve  in  a  little  H^O^,  render  strongly  ammoniacal  and  precipi- 
tate the  Ni  electrolytically.  Six  solutions  require  fully  nine  Grove  cells. 
Leave  over  night. 

Some  analysts  in  that  section  use  the  English  cyanide  titration  for  Ni. 
KCy  is  run  into  a  faintly  acid  HCl  solution  until  NiCy,  is  redissolved. 
The  author  does  not  find  this  satisfactory. 

Quantitative  Separation  of  Members  of  the  H^S  Group  in  a  Current  of 
Bromine,  Jannasch  and  Etz  (^Berichte,  xxv.,  736).  Analysis  of  Wood's 
metal.  Dissolving  in  aqua  regia,  and  finally  obtaining  the  metals  as 
sulphides,  was  found  to  be  less  convenient  than  fusing  with  S  in  a  stream 
of  CO,.  On  heating  gently  the  mixed  sulphides  in  a  boat  enclosed  in  a 
tube  through  which  was  passed  Br  vapors,  SnBr^  and  BiBrg  were  vola- 
tilized, while  PbBr,  and  CdBr,  remained  behind.  From  the  solution  of 
the  non-volatiles  bromides  Pb  was  separated  as  PbSO^,  and  then  Cd  as 
CdCOy  Sn  and  Bi  were  separated  by  evaporating  with  strong  HNO, 
and  igniting  strongly  the  mixed  oxide?.  Then,  heating  for  some  time 
with  dilute  HNO,,  extracted  all  Bi,  leaving  pure  SnO^.  In  the  solution 
Bi  was  precipitated  by  (NH^)jCO,.  The  precipitate  is  liable  to  contain 
SiOj  from  the  crucible,  which  should  be  separated  and  deducted. 

Analysis  of  Galena^  Jannasch  and  others  {/oum,f  prakt,  Cheni. ,  xlv., 
loi  et  seq,\  Decomposition.  Various  methods  were  tried,  many  of 
which  were  too  elaborate  to  be  convenient.  Oxidation  with  HNO,  and 
Br  or  heating  in  a  current  of  Br  vapor  were  found  satisfactory. 

Separating  Pd,  i.  One  method  used  was  extracting  the  evaporated 
residue  from  the  decomposition  by  NaOH  lye,  and  precipitating  PbO, 
from  this  solution  by  Br  water.  The  precipitate  was  washed  with  NaCl 
solution,  and  then  converted  to  sulphate  for  weighing.  2.  By  another 
method  PbSO^  was  dissolved  from  the  gangue  (after  decomposing)  with 
NH^CjHjOj,  and  PbO,  precipitated  from  the  solution  by  ammonia  and 
HjOj  in  the  cold.  3.  The  lead  also  was  separated  from  the  gangue  by 
extraction  with  CI  water  and  HNO,,  being  finally  separated  as  PbSO^ 
from  the  solution. 

Separation  of  Antimony^  Arsenic  and  Tin.  Clark  {/.  Lond,  Chem, 
Soc.^  Ixi.,  434).  The  mixed  sulphides  are  treated  in  a  distilling  flask 
with  HCl  (gr.  i.io)  and  an  excess  of  ferric  chloride  solution  with  strong 
HCl  (about  three  parts  Fe  to  every  one  part  of  mixed  sulphides)  is 
added.  After  distilling  off  about  three-fourths  of  the  liquid,  more  HCl 
is  added  and  the  distillation  repeated.  A  third  distillation  usually  suf- 
fices to  remove  all  the  As,  which  may  be  separated  from  the  distillate  by 
HjS,  dissolved  in  ammonia  and  eventually  precipitated  and  weighed  as 

The  solution  in  the  flask  is  filtered  hot,  mixed  with  hot  solution  of  oxalic 
acid  (about  twenty  parts  H,C,0^  to  one  of  mixed  sulphides),  and  H,S 


ABSTRACTS.  383 

passed  through  it  until  it  is  cold.  Do  not  heat  after  the  addition  of 
H,C,0^,  also  do  not  allow  it  to  stand  very  long  before  filtering.  Filter, 
wash  with  water,  then  with  alcohol,  then  with  CS^,  and  again  with  alcohol 
keeping  the  filtrate  and  aqueous  washings  separate  from  the  alcohol  and 
CS,.  Dry  the  Sb^S,  at  130°  and  weigh.  Heating  to  200°  C.  causes  loss 
by  oxidation. 

In  the  filtrate  destroy  IJ^QO^  by  adding  permanganate  in  excess, 
then  a  little  FeSO^  to  dissolve  the  MnO,,  etc.,  and  precipitate  Sn  by 
H,S.     Ignite  to  SnO,  and  weigh. 

Gooch  and  Danner  {Am,  J.  ScL  [3],  IxiL,  308)  separate  As  and  Sb  by 
the  distillation  process,  but  reduce  beforehand  by  HI  in  order  to  titrate 
the  Sb  in  the  undistilled  portion,  without  interference  from  Fe  salts. 
In  their  process  the  solution  (which  should  not  contain  over  i  gm.  of  the 
oxides)  is  mixed  with  excess  of  KI  made  up  to  100  c.c.  with  HCl,  and 
HCl  gas  passed  in  during  distillation.  After  distilling  off  fully  50  c.c, 
a  slight  excess  of  SO.^  followed  by  cautious  addition  of  I  (to  destroy 
excess)  is  added.  Then  i  gm.  tartaric  acid  is  added,  the  solution  neu- 
tralized with  NaOH,  NaHCO,  added  and  Sb  is  titrated  with  tenth  nor- 
mal iodine. 

Hydroxylamine  Hydrochloride  as  a  Reagent  for  Gold  and  Silver. 
Lanier  {Monatsh.^  1891,  xii.,  639).  In  a  solution  ^alkaline  with  KOH 
the  reagent  precipitates  metallic  silver  quantitatively.  The  presence  of 
citric  and  other  organic  acids  does  not  interfere. 

The  reagent  precipitates  gold  from  its  solutions  without  the  addition 
of  KOH,  more  readily  on  warming.  The  reaction  does  not  occur  in 
presence  of  KCy,  but  does  take  place  in  presence  of  Na^SjO,. 

Molybdenum  and  Tungsten,  Traube  {Abst,  in  Berichte^  xxv.,  47). 
Scheelite  was  found  to  contain  MoO,  invariably  (from  traces  up  to  8  per 
cent.).  The  so-called  **pure"  tungstic  acid  of  commerce  contains 
usually  10  per  cent,  of  MoO,.  The  method  of  separation  used  was  that 
of  H.  Rose — precipitation  by  H,S  in  a  tartaric  acid  solution,  which  how- 
ever leaves  much  to  be  desired  on  the  score  of  completeness. 

Reaction  of  Cerous  Oxide,  Plugge  {Arch,  d.  Pharm,^  ccxxix.,  558). 
Render  the  suspected  solution  just  alkaline  with  NaOH,  evaporate  to 
dryness  on  a  slab  of  porcelain,  and  mix  the  residue  with  two  or  three 
drops  of  strong  HjSO^  containing  one  part  of  strychnine  in  1000  parts 
of  the  acid.  If  cerium  is  present  a  bright  blue  color  soon  altering  to  a 
permanent  cherry-red  color  is  seen,  0,0001  gm,  Ce  gives  the  reaction 
decidedly.  0.0000 1  gm.  Ce  gives  a  perceptible  blue  violet  color,  which 
is,  however,  fugitive.  The  reaction  is  not  obtained  in  presence  of  cer- 
tain sulphides. 

Determining  Iodine^  Bromine  and  Chlorine.  Schierholz  {Monatsh,  f 
CA^iw,  xiii.,  i).  Indirect  method. — Divide  the  solution  in  halves.  In 
one  half  titrate  with  standard  AgN05  =  a,  filter  and  weigh  the  precipi- 
tate h.  Then  add  to  the  other  half  a  few  gms.  KBr  and  then  run  in  as 
much  AgNOj  as  was  used  in  a.  Filter  and  weigh  the  precipitate  c  which 
consists  of  Agl  and  AgBr  only.  From  the  values  of  a,  b  and  c  the 
amounts  of  the  halogens  present  may  be  calculated. 
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Direct  methods. — In  the  presence  of  much  CI  and  little  Br,  I  :Br-.  CI  = 
1 :6  or  7  :  1000  the  addition  of  very  little  AgNOj  will  precipitate  only 
Agl,  the  bromide  and  chloride  being  soluble  in  a  large  excess  of  alkaline 
chloride. 

The  Br  may  be  separated  by  distillation  with  K^Mn^Ogand  Alj(SOjg. 

Separation  of  Chlorine^  Bromine  and  Iodine,  Jannasch  and  AschoflT 
{Zis.  y.  anorg,  Chem,,  I.  part  2).  Dilute  the  solution  (containing  the 
equivalent  of  about  0.3  gm.  each  of  NaCl,  KBr  and  KI)  to  750  c.c.  add 
5  c.c.  dilute  HjSO^  and  then  i  gm.  NaNO,  in  solution,  and  cork  the  flask 
immediately.  I  is  at  once  set  free,  and  is  driven  over  (by  passing  steam) 
into  a  mixture  of  NaOH  and  HjOj  in  a  deep  cylinder.  A  second 
cylinder  containing  also  the  same  mixture  is  desirable  as  a  guard.  These 
cylinders  should  be  kept  cold.  The  I  will  be  driven  over  in  the  course 
of  about  fourteen  minutes  (shown  by  the  color).  The  steam  is  kept 
pwissing  until  the  delivery  tubes  have  been  rinsed  off.  The  contents  of 
the  cylinders  are  evaporated  after  addition  of  50  c.c.  H,Oj  solution.  After 
some  hours  AgNO,  is  added  with  stirring  until  the  dark  color  of  the  pre- 
cipitate no  longer  changes  to  yellow.  Then  acidify  with  HNOj,  heat 
some  time  and  filter  and  wash  hot. 

To  separate  the  Br,  render  the  solution  containing  it  alkaline,  concen- 
trate to  50  c.c,  cool,  mix  with  dilute  HC^HjO^jadd  i  to  1.5  gm.  K^Mn^Og 
and  distill  the  Br  by  steam  into  an  alkaline  solution,  the  solution  being 
treated  as  in  the  case  of  I. 

In  the  solution  which  still  contains  the  CI  the  excess  of  K^Mn^Og  is 
reduced  with  alcohol  and  alkali  filtered,  and  the  determination  made  as 
usual. 

Fluorine  Estimation,  Carnot  (C  Rend,^  cxiv.,  750)  recommends 
passing  SiF^  into  solution  of  pure  KF  (10  per  cent,)  and  separating  and 
weighing  KjSiF^. 

The  generating  flask  has  a  capacity  of  about  150  c.c.  and  is  so  con- 
nected that  through  the  liquid  therein  may  be  passed  a  slow  current  of 
dry  air  or  CO,  during  the  operation. 

The  exit  tube  from  the  generating  flask  should  have  on  it  a  bulb  to 
receive  H,SO^  possibly  carried  over  with  theSiF^,  and  leads  into  another 
flask  containing  a  layer  of  mercury,  on  top  of  which  is  placed  20  c.c, 
of  the  KFl  solution.  The  end  of  the  tube  should  dip  below  the  surface 
of  the  mercury.  If  the  material  contain  chlorides,  a  tube  containing^ 
pumice  soaked  with  CuSO^  and  then  dehydrated  must  be  inserted  in  the 
train. 

The  quantity  of  material  taken  should  contain  about  o.ioogm.  Fl. 
It  should  be  mixed  with  finely  ground  quartz  in  such  proportion  that  at 
least  10  parts  SiO,  are  present  to  every  i  part  Fl.  The  absolute  tight- 
ness and  dryness  of  the  generating  flask  and  connecting  tubes  must  be 
first  insured.  Then  place  the  mixture  in  the  flask,  pour  in  40  c.c.  cone, 
H,SO^  and  heat  to  about  1 60° — not  over.  The  operation  is  complete 
in  I J^  to  2  hours.  Then  detach  the  receiving  flask  and  rinse  the  solu- 
tion in  a  convenient  vessel.  The  combined  solution  and  washings 
should  not  exceed  100   c.c.     Add  an  equal  bulk  of  alcohol  (90  per  J 

cent.).     Allow  to  stand,  filter  on  a  tared  filter  and  wash  with  diluted  al- 
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cohol  until  BaCl,  gives  no  turbidity  in  the  washings.     Dry  at  100°  and 
weigh. 

Analysis  0/  Natural  Phosphates.  Chatard  {Am,  Inst.  Min,  Eng.^  Bal- 
timofe  Meetings  February,  1892)  gives  his  methods,  which  are  not 
claimed  to  be  original.  Moisture, — Dry  2  gms.  at  105°  C.  for  three 
hours.  Combined  water  and  organic  matter, — The  residue  from  the  last 
is  gradually  heated  to  full  redness^  and  then  ignited  over  a  blast  lamp. 
Repeat  until  the  weight  is  constant.  From  the  loss  deduct  CO,  (deter- 
mined elsewhere)  and  reckon  the  rest  as  combined  water  and  organic. 
This  is  not  absolutely  accurate  if  Fl  is  present.  Carbonic  acid, — Use 
the  distillation  method  described  by  Gooch. — {Bullet,  41  U  S,  Geol, 
Survey, 

Insoluble  matter^  etc.  Treat  5  gms.  with  25  c.c.  HNO,  (Gr.  1.2)  and 
12.5  c.c.  HCl  (Gr.  I.I 2)  in  a  covered  beaker  on  a  water  bath  for  30 
minutes,  stirring  from  time  to  time.  Dilute  with  cold  water,  stir,  and 
allow  to  settle.  Filter  into  a  500  c.c.  flask,  wash  with  cold  water,  dry 
and  ignite  (finishing  with  blast  lamp).  The  presence  of  Fl  here  also 
causes  incorrect  results,  but  is  essentially  correct  for  commercial  pur- 
poses. Test  the  residue  for  PjO^.  Dilute  to  the  500  c.c.  mark  with 
cold  water  and  mix  well. 

Phosphoric  acid.  Evaporate  two  portions  of  50  c.c.  each  (=0.5  gm.) 
until  HCl  is  expelled,  add  to  each  150  c.c.  molybdate  solution.  Stir  in, 
heat  thoroughly  on  water  bath,  and  then  allow  them  to  stand  until 
quite  cold  (at  least  3  hours).  Filter  and  wash  with  cold  20  per  cent. 
NH^NO,  solution  containing  one-thirtieth  of  its  volume  of  HNO,,  Test 
filtrate  for  any  further  precipitate.  Rinse  the  precipitate  back  into  the 
beaker  and  dissolve  in  dilute  ammonia  with  the  aid  of  a  gentle  heat. 
Filter  through  the  same  funnel  into  a  clean  beaker,  washing  with  am- 
monia (i  :  4).  Bring  to  a  boil  and  add  Mg  solution  drop  by  drop  with 
stirring,  until  the  reagent  shows  no  further  precipitation.  When  this  is 
the  case,  and  the  precipitate  is  all  crystalline,  chill  by  placing  in  cold 
water.  When  cold  test  with  more  Mg  solution.  Then  add  one-third  its 
volume  of  ammonia,  let  stand  three  hours  and  filter.  For  filtering, 
asbestos  felt  in  a  Gooch  crucible  is  preferred.  Moisten  with  a  little 
NH^NOj  just  before  drying  and  igniting.  If  paper  is  used  it  is  prefera- 
able  to  dissolve  through  the  filter  with  HNO,  into  a  weighed  dish,  evap- 
orate dry  and  ignite. 

Lime  (Jones'  method,  vide  Quarterly). — Evaporate  100  c.c.  (=  i 
gm.)  to  about  50  c.c. — add  10  c.c.  diluted  H^SO^  (i  :  5).  Evaporate 
until  a  considerable  crop  of  CaSO^  crystals  have  formed.  Cool ;  when 
cold,  add  gradually  150  c.c.  of  95  per  cent,  alcohol  with  stirring;  let 
stand  3  hours,  stirring  from  time  to  time.  Filter  into  a  distillation 
flask  by  the  aid  of  a  pump,  washing  with  95  per  cent,  alcohol.  Ignite 
and  weigh  CaSO^. 

Alumnia  and  Ferric  Oxide, — Distil  off  the  alcohol  from  the  filtrate  just 
obtained,  which  is  in  this  way  recovered.  Rinse  the  contents  of  the 
flask  into  a  platinum  dish,  evaporate  low.  Destroy  organic  matter  by 
adding  a  little  NaNO,  and  fusing  cautiously.  Dissolve  in  hot  water 
acidulated  with  HNO,,  make  distinctly  alkaline  with  ammonia,  neutral- 
ize with  acetic  acid,  boil,  settle  and  filter.  Wash  with  hot  water,  finally 
with  dilute  NH^NO,  solution,  dry,  ignite  and  weigh.     The  determina- 
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tions  are  thus  far  made  in  pairs.  In  one  portion  determine  PjOg  by 
fusing  with  Na^COj,  dissolving  in  HNO,,  precipitating  with  molybdate, 
etc.  In  the  other  fuse  with  Na,COj,  dissolve  in  H^SOj,  reduce  and 
titrate  Fe. 

Magnesia. — Evaporate  the  filtrate  from  the  above  to  small  bulk,  render 
strongly  ammoniacal,  cool,  and  allow  to  stand  and  deposit  crystalline 
MgNH.PO,. 

Fluorine  (Berzelius  method). — Mix  thoroughly  2  gms.  of  the  sample 
with  4  gms.  precipitated  silica  and  12  gms.  Na.^C05  and  fuse.  Cool 
rapidly,  cover  with  hot  water, and  digest  on  the  water  bath  until  com- 
pletely disintegrated.  Filter,  nearly  neutralize  the  filtrate  with  HNO3 
(using  methyl  orange  as  indicator),  add  some  pure  NaHCO,  and  heat 
up  on  the  water  bath.  When  warm,  remove  from  the  bath,  stir,  let 
stand  2  or  3  hours,  and  filter,  washing  with  cold  water.  Concentrate 
to  about  250  C.C.,  nearly  neutralize  as  before;  add  Na^CO,  and  precipi- 
tate the  PjOj  by  addition  of  AgNO,.  Filter  and  wash  with  hot  water. 
Remove  excess  of  AgNO,  by  addition  of  NaCl.  Add  some  NaHCO, 
to  the  filtrate,  evaporate  to  the  crystallizing  point,  cool,  dilute  with  cold 
water,  add  more  NaHCO,  and  let  stand  for  the  separation  of  silica. 
Filter,  nearly  neutralize  the  filter  as  before;  add  a  little  Na,CO, ;  heat 
to  boiling  and  add  an  excess  of  CaCl,.  Boil  for  a  few  minutes,  filter 
off  the  mixed  CaF,  and  CaCO,  and  wash  with  hot  water.  Rinse  the 
precipitate  into  a  small  platinum  dish.  Burn  the  paper  and  add  the  ash 
to  the  precipitate.  Dry  and  ignite  the  whole.  After  cooling,  add  ex- 
cess of  dilute  acetic  acid  and  evaporate  to  dryness.  Extract  the  calcium 
acetate  with  hot  water,  filter,  ignite  carefully  and  weigh  CaFl,.  Add  to 
this  HjSO^,  heat  and  weigh  again  CaSO^.  The  two  weights  should 
agree  closely  (by  calculation),  though  the  figure  reported  for  Fl  should 
be  calculated  from  the  weight  of  the  final  CaSO^,  since  some  silica  is 
always  precipitated  with  the  CaF,. 

The  modifications  are  chiefly  the  use  of  NaHCOj  to  separate  silica 
and  the  keeping  the  solutions  dilute ;  details  not  readily  obtained  by 
the  use  of  ammonium  carbonate. 

Reverted  Phosphoric  Acid,  Gibson  (^Bulletin  No.  28^  U.  S.  Dept. 
Agric,  p.  166)  found  that  unless  the  ammonium  citrate  solution  is  per- 
ceptibly alkaline  the  proportion  of  phosphate  dissolved  from  a  fertilizer 
is  liable  to  be  very  different  from  that  in  the  case  where  the  citrate  is 
barely  neutral  or  faintly  acid.  His  preference  is  for  Joulie's  alkaline 
solution,  as  giving  more  constant  results.  Huston  (Bullet,  ji,  p.  loi) 
finds  that  the  time  of  digestion  has  a  greater  influence.  The  re/erted 
phosphate  appears  to  dissolve  tolerably  rapidly  during  four  hours,  is 
nearly  complete  at  the  end  of  five  hours,  but  continues  much  longer. 

Uranium  Titration  0/  Phosphoric  Acid.  Coleman  and  Granger  (/.  5, 
C.  Ind,,  xi.,  328).  For  standardizing  it  is  found  that  (i)  the  uranium 
solution  must  be  standardized  by  means  of  calcium  phosphate ;  (2)  the 
percentage  value  of  calcium  phosphate  used  for  standardization  must 
be  estimated  gravimetrically. 

Volumetric  for  Phosphoric  Acid.  Spica  (  Gazz.  Chem.  Ital.^  xxii. ,  1 1 7). 
Titration  with  standard  solution  of  potassium  iron  alum,  in  a  neutral 
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solution,  using  salicylic  acid  as  indicator.  For  Thomas  slags,  etc.,  wet 
down  the  pulverized  nnaterial  with  H.,SO^,  heat  to  expel  the  excess,  take 
up  with  absolute  alcohol,  filter,  boil  off  the  alcohol,  add  a  few  drops  of 
phenolphthalein,  neutralize  exactly,  and  then  titrate  with  the  alum  solu- 
tion. Toward  the  end  one  must  wait  a  few  moments  after  each  addi- 
tion of  the  reagent  that  the  precipitate  may  settle  and  allow  the  end 
reaction  to  be  seen. 

Rapid  Method  for  Phosphor ns  in  Manvfactured  Iron  and  Ores,  Handy 
(y.  Anal  and  App,  Chem.y  vi,  204).  The  determination  of  the  acidity 
of  the  molybdate  precipitate  {vid.  Quarterly,  xiii.,  289)  is  the  chief 
feature  of  this  process.     The  solutions  used  are  : 

Standard  NaOH.  Dissolve  15.4  gms.  in  100  c.c.  water,  stir  in  satu- 
rated Ba((>H),  solution  until  no  more  precipitate  of  BaCO,  forms.  Fil- 
ter at  once  and  dilute  to  2  litres. 

Standard  HNOy  Make  stock  solution  200  c.c.  of  acid  (Gr.  1.42)  in 
2  litres.  For  approximate  standard  di4ute  200  c.c.  of  the  stock  solution 
to  2  litres. 

These  two  solutions  should  he  made  to  agree  c.c.  for  c.c,  and  also  had 
best  be  brought  to  a  strength  of  i  c.c.  =  0.0002  gm.  P. 

Standardize  by  o.i  gm.  pure  molybdate  precipitate  obtained  from 
acidified  ammonium  or  sodium  phosphate,  washed  with  i  per  cent.  HNO, 
and  thoroughly  dried  at  100°.     It  contains  1.63  per  cent.  P. 

E.  F.  Wood's  formula  for  the  molybdate  solution  is  recommended. 
As  indicator  0.5  gm.  phenolphthalein  in  200  c.c.  of  95  per  cent,  alcohol 
is  used.     Three  drops  for  each  titration. 

The  method  is  :  Dissolve  2  gms.  steel  in  a  1 2  oz  Erlenmeyer,  in  75  c.c. 
HNO,  (Gr.  1. 13)  ;  add  15  c.c.  K^Mn^Og  solution  (5  gms.  per  litre)  to  the 
boiling  solution.  Boil  till  the  pink  color  disappears.  Oxidation  is  com- 
plete if  brown  MnO^  separates.  High  carbon  irons  may  require  more 
KjMn^Og.  Remove  momentarily  from  the  heat — ad^  about  one-thirtieth 
gm.  granulated  sugar,  and  heat  until  the  solution  clears.  Let  cool  for 
a  few  minutes  and  then  add  13  c.c.  ammonia  (Gr.  0.90)  pouring  care- 
fully down  the  side.  Agitate  until  the  ferric  hydrate  dissolves.  Cool 
or  heat  to  85°  C.  Add  50  c.c.  molybdate  solution.  Cork,  wrap  in  a 
towel  and  shake  five  minutes.  Filter  immediately.  Wash  five  times  with 
I  per  cent.  HNOg,  then  five  times  with  i  percent.  KNO,.  Place  filter  and 
contents  in  the  flask.  Add  10  or  20  c.c.  standard  NaOH  solution. 
Shake  a  few  moments  to  dissolve  the  precipitate.  Add  3  drops  of  the 
indicator  and  titrate  back  with  standard  HNO,. 


8' 


Silica  in  Clay,  Archbutt  {J,  S,  C  Ind.,  xi.,  215).  One  drying  with 
acid  after  fusion  with  alkaline  carbonates  is  insufficient  to  separate  all 
SiO,.  Fusion  with  KHSO^  leaves  some  SiO,  in  a  soluble  form.  A  method 
is  described  thus : 

1.  Strong  ignition  of  i  gm.  of  the  finely  powdered  clay. 

2.  Fusion  with  5  gms.  of  pure  mixed  carbonates. 

3.  Extraction  with  about  200  c.c.  H,0,  acidifying  with  HCl  in  excess, 
and  evaporating  to  dryness  on  the  steam  bath  in  porcelain,  reducing  the 
residue  to  small  grains. 

4.  Heating  the  dish  and  dry  residue  in  an  air  bath  at  150°  for  an  hour. 

5.  Dissolving  in  HCl  and  water,  filtering  and  washing  the  silica. 
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6.  Evaporating  the  filtrate  with  20  c.c.  stronjg  H,SO^  till  fumes  are 
evolved  very  strongly.  The  acid  will  fume  before  it  is  fully  concentrated  ; 
the  object  is  to  concentrate  fully. 

7.  Dissolving  in  HCl  and  water,  filtering  and  washing  the  small 
amount  of  SiO,. 

8.  Igniting  the  united  precipitates  at  the  highest  temperature  of  the 
muffle  until  constant  in  weight,  then  volatilizing  by  the  use  of  HFl  with 
H,SO^  and  igniting  to  constant  weight.  The  SiO^  is  thus  obtained^  by 
difference.  - 

Chloric  Acid  in  Chlorates,  Gooch  and  Smith  {Am.  J.  Sci.  [3],  xlii., 
220).  A  solution  containing  KI,Na,HAsO^  and  dilute  H,SO^  is  boiled 
until  the  liberated  I  is  expelled.  This  is  cooled,  neutralized  with  NaOH, 
and  after  addition  of  NaHCO,  is  titrated  with  tenth  normal  iodine. 
The  same  amount  of  the  solution  is  treated  in  the  same  manner  together 
with  the  addition  of  a  known  quantity  of  the  solution  of  chlorate  to  be 
analyzed.  HI  and  HjAsO^  will*  not  react  on  each  other  so  long  as  a 
chlorate  is  present,  so  the  comparison  of  the  first  titration  with  the 
second  affords  a  means  of  calculating  the  proportion  of  chlorate  present. 
McGowan  {J.  Lond,  Chem,  SoCj  Ixi.,  87)  has  tried  Bunsen's  method — 
decomposing  by  HCl,  driving  over  the  CI  into  another  flask,  subse- 
quently adding  KI  and  titrating  with  this  sulphate,  and  finds  that  Fink- 
ener's  objection  (low  results)  is  due  to  the  contact  of  the  CI  vapors  with 
the  rubber  or  cork  connections,  especially  the  former.  When  the  appa- 
ratus is  constructed  so  that  this  is  avoided  the  results  are  satisfactory. 

Possible  New  Element.  Richmond  and  Off  {Jour.  Lond.  Chem.  Soc.) 
in  examining  a  new  mineral  in  Egypt  discovered  what  seems  to  be  a  new 
element,  which  they  have  named  masrium.  It  resembles  glucinum  in 
many  of  its  properties.     Atomic  weight  228. 
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On  June  6th  the  Trustees  adopted  for  the  government  of  the  College 
a  new  and  carefully  revised  body  of  statutes.  A  School  of  Pure  Sci- 
ence is  created  on  lines  similar  to  those  followed  in  the  case  of  the 
Schools  of  Political  Science  and  Philosophy. 

The  faculty  is  understood  to  be  composed  of  the  professors  of  the 
departments  of  Astronomy,  Biology  and  Botany  with  such  other  pro- 
fessors as  actually  give  instruction  in  pure  science. 

The  following  appointments  have  been  made  to  take  effect  July  i, 
1892. 

Francis  B.  Crocker,  E.M.,  to  be  Adjunct  Professor  of  Electrical  En- 
geering.     (March  7,  1892.) 

William  Hallock,  Ph.D.,  to  be  Adjunct  Professor  of  Physics.  (March 
7,  1892.) 

Robert  Peele,  E.M.,  to  be  Adjunct  Professor  of  Mining.  (February 
I.  1892.) 

M.  I.  Pupin,  Ph.D.,  to  be  Adjunct  Professor  of  Mechanics.  (April  4, 
1892.) 

By  the  adoption  of  the  new  statutes  the  University  Council  ceases  to 
be  merely  advisory,  and  becomes  the  chief  legislative  body  of  the  Uni- 
versity. The  old  Board  of  the  College  is  succeeded  by  the  Faculty  of 
Arts,  which  will  hereafter  be  made  up  of  the  heads  of  eighteen  depart- 
ments represented  in  the  curriculum  and  such  other  professors  as  are 
actually  engaged  in  giving  instruction  to  the  Freshman,  Sophomore,  or 
Junior  classes. 

The  erection  of  a  small  observatory  will  be  at  once  begun  upon  the 
new  site  at  Bloomingdale.  This  observatory  will  be  completed  by 
August  1st,  and  will  contain  a  very  solid  pier,  upon  which  will  be 
mounted  the  new  zenith  telescope,  now  being  made  for  the  College  by 
WanschafT,  of  Berlin.  This  instrument,  which  will  be  ready  by  Sep- 
tember, is  one  of  a  pair  of  instruments  exactly  alike.  The  other  is  to 
be  mounted  at  the  Royal  Observatory  of  Capodimonte,  near  Naples, 
by  order  of  the  Italian  government.  With  these  two  instruments,  pre- 
cisely similar,  simultaneous  observations  will  be  undertaken  for  the  pur- 
pose of  securing  a  very  accurate  determination  of  the  variation  of 
terrestrial  latitudes,  recently  discovered  in  Germany.  Exceptional 
advantages  are  offered  by  the  circumstance  that  the  two  observatories 


*  Condensed  from  University  Bulletin  No,  III.  and  other  circulars. 
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are  situated  upon  the  same  parallel  of  latitude,  very  nearly.  It  is  con- 
fidently expected  that  this  advantageous  condition,  which  has  not  been 
realized  in  any  of  the  series  of  observations  so  far  undertaken,  will  lead 
to  results  of  very  high  interest.  The  New  York  observations  will  be 
made  by  Professor  Rees  and  Mr.  Jacoby ;  those  at  the  Italian  observa- 
tory, by  M.  Fergola.  It  is  expected  that  work  will  be  commenced  by 
October  ist,  at  both  stations. 

The  Trustees  have  purchased  from  M.  Struve,  former  director  of  the 
great  National  Observatory  at  Pulkowa,  Russia,  his  fine  library  of  as- 
tronomical and  physical  works.  This  library  contains  4361  bound  and 
unbound  books  and  3056  pamphlets.  M.  Struve  also  offers  to  give  to 
the  collection  all  the  works  he  may  receive  up  to  the  time  of  his  death. 

The  new  Department  of  Biology  will  open  with  the  fall  term  of  the 
College,  October  3,  1892. 

The  course  in  animal  biology  is  designed  to  extend  over  four  years, 
including  two  years  of  undergraduate  study  in  preparation  for  the 
bachelor's  degree  and  two  years  of  graduate  study  and  research  in 
preparation  for  the  degree  of  doctor  of  philosophy. 

All  the  fundamental  instruction  and  practical  training  in  technique 
will  be  given  in  the  two  undergraduate  courses,  during  both  the  first 
and  second  terms,  four  hours  a  week  : 

I.  Elementary  Biology.     Lectures  and  laboratory  work. 

II.  Advanced  Biology.     Lectures  and  laboratory  work. 

A  general  course  will  be  given  to  second-year  student  in  the  School 
of  Mines,  consisting  of  lectures  and  demonstrations,  without  practical 
work,  as  follows : 

III.  General  Zoology.     First  and  second  terms,  2  hours  a  week. 
The  following   special  course  will  be  offered  to  seniors  preparing  for 

medicine  or  studying  physiological  psychology  : 

IV.  Comparative  Neurology.     First  term^  2  hours  a  week. 

The  undergraduate  courses  are  of  a  liberal  character  and  do  not  in- 
clude highly  specialized  work.  The  elementary  biology  is  designed  for 
an  introduction  to  organic  chemistry,  geology,  palaeontology,  psychol- 
ogy, as  well  as  to  botany,  physiology,  and  advanced  biology. 

The  advanced  biology  is  somewhat  more  special  and  will  be  adapted 
for  students  intending  to  make  biology,  palaeontology,  or  medicine 
their  professional  study. 

Students  entering  these  courses  must  have  first  received  preliminary 
training  equivalent  to  the  above,  in  order  to  enable  them  to  work  inde- 
pendently. 

The  first  year's  course  should  include  at  least  two  days  of  outside 
laboratory  work  a  week  in  some  cognate  minor  subject,  as  botany,  or- 
ganic chemistry,  palaeontology,  or  geology.  The  second  year's  course 
should  include  at  least  one  day  of  such  work. 

A  special  feature  of  the  department  will  be  a  series  of  lectures  of  a 
semi-popular  character  for  those  who  desire  to  keep  abreast  of  the  later 
researches  in  different  branches  of  biology,  without  entering  the  full 
advanced  instruction.     The  subjects  for  1892-3  are  : 
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Prof.  Osborn. — History  of  the  Theories  of  Evolution  and  Heredity. 
Prof.  Wilson. — The  Biology  of  the  Cell. 
Dr.  Dean. — The  Structure  and  Classification  of  the  Fishes. 

.  • 

The  Trustees  of  the  College  have  subscribed  for  an  investigator's 
table,  during  the  summer  course  of  the  Marine  Biological  Laboratory 
at  Wood's  Holl,  Mass.,  in  which  excellent  opportunities  for  research 
and  collection  are  offered. 

Pending  the  construction  of  the  permanent  biological  laboratory, 
the  regular  courses  for  the  coming  year  will  be  conducted  in  the 
third  floor  of  the  north  wing  of  the  College  of  Physicians  and  Sur- 
geons, entrance  upon  West  Sixtieth  Street,  near  Ninth  Avenue.  The 
rooms  provided  here  are  general  and  advanced  laboratories,  lecture- 
room,  special  staff  room,  reading-room  and  research  rooms. 


SYNOPSIS  OF  COURSES. 

COURSES   FOR  THE   DEGREE   OF   BACHELOR   OF   ARTS. 

Course  I. — Elementary  Biology. 

Juniors,  4  hours  (2  afternoons)  a  week. 

General  structure  and  functions  of  the  lower  and  higher  forms  of 
animal  life,  lectures  and  laboratory  work,  including  an  introduc- 
tion to : 

Animal  morphology :  structure  of  nervous,  muscular,  digestive  and 
other  systems. 

Animal  histology  :  cellular  basis  of  life. 

Animal  physiology :  mafn  functions  of  life. 

Zoology:  classification,  distribution,  and  relations  of  animals  to 
each  other. 

Evolution  and  heredity  :  introductory. 

Course  II. — Advanced  Biology. 

Seniors,  4  hours  (2  afternoons)  a  week. 

Embryology,  or  development  of  individual  life. 

Same  subjects  as  in  Course  I.,  treated  in  a  more  thorough  and 

special  manner. 
A  short  original  thesis  upon  some  simple  problem  in  morphology 

or  embryology,  for  gracfuation. 

Course  III. — General  Zoology. 

Second  year,  School  of  Mines,  2  hours  a  week,  first  and  second 
terms. 

Course  IV. — Comparative  Neurology. 

Semors,  2  hours  (i  afternoon)  a  week. 

Brain  and  nervous  system  in  the  lower  and  higher  animals,  general 
structure  (introduction  to  physiological  psychology). 
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COURSES   FOR  THE   DEGREE   OF   DOCTOR  OF   PHILOSOPHY. 

Course      V. — Advanced  Morphology. 
**        VI. — Advanced  Embryology. 
'*      VII. — Advanced  Zoology. 
'*    VIII. — Vertebrate  PALiEONTOLOGY  (1893-94). 
**        IX. — Comparative    Neurology  (as  above,  with   laboratory 

work  additional). 
'*         X. — Evolution  and  Heredity. 

Original  doctor's  thesis  in  one  of  the  above  branches. 

proposed   course   by    professor  J.   G.    CURTIS. 

» 
Course  XI.— Elementary  and  Advanced  Philosophy. 
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Neftel,  K. 
Nesmith,  J. 
Noble,  C.  31. 
Reed,  W.  B.  S. 
Rhodes,  R.  1). 
Rutherford,  F.  M. 
SUirr,  H.  F 
Stone,  G.  C. 
Suvdani,  J.  R.,  Jr. 
Williams,  G.  W. 


Beebe,  A.  L. 
Benjamin,  F.  P. 
Browning,  J.  H.  B. 
Brugman,  W.  F. 
Butler,  N. 
Churchill,  A.  D. 
Clark,  E.  P. 
Elliott,  W. 
Engel,  L.  G. 
Francke,  R.  O. 
Garlichs,  H. 
Greene,  W.  U. 


1880. 

Grcenlcaf,  J.  L. 
Hallock,  A.  P. 
Hendricks,  H.  H. 
Hooper,  L.  M. 
Ilopke,  T.  M. 
Hudson,  E.  H. 
Klepetko,  F. 
Kunhardt,  W.  B. 
Mattison,  J.  G. 
Meissner,  C.  A. 
Merritt,  J.  H. 
Navarro,  J.  A. 


Parker,  A.  McC. 
Parks,  J.  R. 
Robinson,  IL  A. 
Ruttuian,  F. 
Singer,  (J. 
Singer,  (J.  H. 
Smith,  M. 
TonneK',  T. 
Torrey,  C.  H. 
Walker,  J.,  Jr. 
Wheeler,  H.  A. 


Andresen,  C.  A. 
Aschman,  F.  T. 
Bleecker,  C.  P. 
Braschi,  V.  M. 
Bush,  E.  R. 
Chazal,  P.  E. 


1881. 

(^olby,  A.  L. 
Curtis,  C.  G. 
Douglas,  E.  M. 
Dunham,  PI  K. 
Klliott.  A.  H. 
Furman,  H.  V.  F. 


(Jriswold,  W.  T. 
Hemmer,  F.  A. 
Judd,  C.  B. 
Leary,  D.  J. 
LeBoutillier,  C. 
Jjedoux,  A.  D. 
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Little,  W.  P. 
jMeserole,  W.  M. 
Neyniann,  P. 
0'*Connor,  M.  J. 
O'Connor,  T.  D. 
Pitkin,  L. 
Raymer,  G.  S. 


Richmond,  W.  T. 
Roberts,  A.  C. 
Sawyer,  C.  P. 
Share,  W.  W. 
Starr,  C.  D. 
Steams,  T.  B. 
Swain,  A.  E. 


Tuttle,  E.  G. 
Van  Sinderen,  A.  H. 
Vult6,  H.  T. 
Wiechmann,  F.  G. 
Williams,  W.  F. 
Wilson,  H.  M. 


Coalman,  A. 
Cooper,  W.  H. 
Crocker,  F.  B. 
Downes,  S.  B. 
Downs,  W.  F. 
Emrich,  A.  F. 
Falk,  D.  B. 
Feuchtwanger,  H. 
Fitch,  C.  L. 
Going,  C  B. 
Hill,  W. 
Illig,  W.  C. 


1882. 

Joiiet,  C.  H. 
Mesa,  A.  E. 
Moses,  A.  J. 
Oothout,  E.  A. 
Page,  W.  S. 
Parsons,  W.  B. 
Payne,  C.  Q. 
Porter,  J.  B. 
Powers,  C.  V.  V. 
Sands,  F. 
Shumway,  W.  A. 
Staunton,  W.  F. 


Toucey,  D.  B. 
Traphagen,  F.  W. 
Vondy,  R.  H. 
Wainwright,  J.  H. 
Wanier,  A.  G. 
Ward,  N.  R. 
White,  W.  S. 
Wilson,  W.  A. 
Wittmack,  C.  A. 
Young,  E.  L. 


Abeel,  G.  H. 
Adams,  R. 
Ayestas,  A. 
Balch,  S.  W. 
Banks,  J.  H. 
Bardwell,  A.  F. 
Brereton,  T.  J. 
Brewster,  H.  D. 
BuUnian,  C. 
Carrere,  J.  M. 
Channing,  J.  P. 
Ferrer,  0.  F. 


1883. 

Ferris,  J.  C. 
Fiallos,  E.  C. 
Haasis,  D.  F. 
Humbert,  W.  S. 
Lilliendahl,  A.  W. 
MacTeague,  J.  J. 
McKenna,  C.  F. 
Oxnard,  J.  G. 
Painter,  J.  G. 
Paraga,  C.F. 
Peele,  R,  Jr. 
Powell,  F. 


Randolph,  E. 
Renault,  G. 
Rich,  J.  M. 
Richardson,  J.  C. 
Ridsdale,  T.  W. 
Suter,  G.  A. 
Tibbals,  G.  A. 
Tower,  A.  E. 
Walker,  A.  L. 
Weed,  W.  H. 


Adams,  W.  0. 
Alden,  H.  C. 
Baldwin,  W.  M. 
Barnard,  E.  C. 
Barratt,  E.  G. 
Bodelsen,  0. 
Brinley,  J.  R. 
Bryce,  W. 


1884. 

Buckingham,  F.  E. 
Burritt,  W.  W. 
Corcoran,  J.  T. 
Del  Calvo,  F. 
Dusenberry,  W.  T. 
Easton,  L.  C. 
Fahys,  G.  E. 
Fitch,  J.  H. 


Fitzgerald,  G.  E. 
Fowler,  S.  S. 
Gosling,  E.  B. 
Griffin,  S.  P. 
Gross,  L.  N. 
Horn,  J.  T. 
Kemp,  J.  F. 
Lamb,  A.  J. 
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Luttgen,  E. 
McKim,  R.  A. 
McLoughlin,  C.  S. 
Miller,  C.  W. 
Moran,  D.  E. 
Morgan,  W.  F. 
Mulford,  R. 
Napier,  A.  H. 
Newberry,  W.  E. 
Newbrough,  W. 
Nolan,  F. 


Amy,  E.  J.  H. 
Barkley,  H.  F. 
Bemis,  F.  P. 
Breonan,  A.  J. 
Bash,  W.  F. 
Cary,  G. 
Clark,  F.  S. 
Cozzens,  H. 
Crowell,  C.  B. 
Detwiller,  C.  H. 
Doolittle,  C.  H. 
Dwight,  A.  S. 
F^die,  E.  C. 
Engelhardt,  E.  N. 
Graff,  C.  E. 
Hart,  B. 


Nye,  A.  C. 
Painter,  C.  A. 
Pearis,  C.  F. 
Pellew,  C.  E. 
Post,  A.  S. 
Powers,  L.  J. 
Proctor,  W.  R. 
Reckhardt,  D.  W. 
Roeser,  F. 
Rood,  R.  G. 
Rowland,  C.  B. 

1885. 

Hawkes,  E.  McD. 
Hildreth,  R.  W. 
HoUis,  H.  L. 
Huntington,  F.  W. 
Ingrain,  E.  L. 
Johnson,  A.  G. 
Laoombe,  C.  F. 
I^,  G.  B. 
Mannheim,  P.  A.  K 
Mari^,  L. 
Meyer,  H.  H.  B. 
Merrill,  F.  J.  H. 
Miller,  C.  L. 
Moldehnke,  R.  G.  G. 
Noble,  L.  S. 
Norris,  R.  V.  A. 


Rupp,  P.,  Jr. 
Sherman,  F.  D. 
Slack,  C.  G. 
Smedberg,  H.  A. 
Snook,  T.  E. 
Speyers,  C.  L. 
Tibbals,  S.  G. 
Value,  B.  R. 
Walbridge,  F.  K. 
Wood,  G.  E. 


Page,  G.  S. 
Pierce,  H.  N. 
PoUedo.  Y.  Y. 
Sanders,  W.  E. 
Shope,  H.  B. 
Starek,  £. 
Stmthers,  J. 
Thomas,  F.  M. 
Titus,  W.  H. 
Van  Cortlandt,  E.  N. 
Watson,  F.  M. 
Whitman,  E.  P. 
WUtsie,  E.  A. 
Woolson,  I.  H. 


Agramonte,  E.,  Jr. 
Agramonte,  J.  0. 
Bell,  H.  M..Jr. 
Berry,  W.  G. 
Casey,  E.  P. 
Conant,  H.  D. 
Edwards,  R.  M. 
Frankfield,  E. 
Good,  U.  McC.  H. 
Home,  W.  I). 
Howe,  E. 


Aldridge,  W.  H. 
Appleby,  W.  R. 


1886. 

Janeway,  J.  H. 
Jenks,  A.  W. 
Kissam,  H.  S. 
Lederle,  E.  J. 
Ijee,  H.  C. 
Newhouse,  E.  L. 
Norton,  L.  H. 
Ormsbee,  J.  J. 
Osterheld,  T.  W. 
Peck,  S.  B. 
Porter,  H.  H.,  Jr. 

1887. 

Bellinger,  H.  P. 
Bien,  J.  R. 


Ryon,  A.  M. 
Spooner,  A.  N. 
Stuart,  W.  H. 
Thompson,  H.  C. 
Trowbridge,  S.  B.  P. 
Van  Brunt,  A.  H. 
Von  Nardroff,  E.  R. 
Wallace,  W.  J. 
Wheatley,  J.  Y. 
Wilson,  C.  E. 


Burns,  A.  L. 
Burns,  E.  Z. 
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Butler,  W.  C. 
Churoh,  E.  D. 
Cole,  H.  M. 
Congdon,  £.  A. 
Cox,  J.  S.,  Jr. 
Darwin,  H.  G. 
Davis,  C.  H. 
Donnell,  H.  E. 
Ferguson,  W.  C.  A. 
Oage,  S.  E. 
Ooldsmith,  B.  B. 
Oudeman,  E. 
Heinsheimer,  A.  M. 
Huntting,  H.  0. 
Jacobs,  D.  M. 
Jacobs,  S.  J. 


Jeup,  B.  J.  T. 
Labey,  J. 
Labey,  R. 
Luquer,  L.  McI. 
Lusk,  G. 
MacKaye,  H.  S. 
Mannbeim,  H.  C. 
Marsb,  J.  R. 
Middleton,  J. 
Moeller,  R. 
MuUer,  G. 
Nicbols,  H.  P. 
Primelles,  J.  A. 
Restrepo,  C. 
Rice,  G.  S. 
Rowland,  G. 


Rutberford,  L.  H. 
Scbieffelin,  W.  J. 
Seligman,  J.  G. 
Siraonds,  F.  M. 
Slade,  R.  E. 
Stanton,  F.  McM. 
St<aunton,  J.  A.,  Jr. 
Stevens,  A. 
Tower,  F.  W. 
Trask,  G.  F.  D. 
Tyler,  W.  L. 
Warner,  J.  L. 
Wels,  P.  0. 
Wertbeimer,  L. 


Allen,  R.  L. 
Appleby,  J.  S. 
Baker,  G.  L. 
Bartlett,  F.  R. 
Becbstein,  C.  A. 
Beckwitb,  C.  E. 
Berry,  G. 
Colt,  S.  B. 
Comstock,  C.  N. 
Dodge,  F.  D. 
Dodswortb,  W.  A. 
Dow,  A,  W. 
Fisber,  W. 
Frank,  J.  W. 


Atba,  H.  G. 
Berry,  G. 
Brown,  R.  G. 
Cramer,  S.  W. 
Cromwell,  J.  W. 
Denton,  F.  W. 
Dresser,  D.  LeR. 
Eastwick,  E.  P. 
Eilers,  K.  E. 
Escobar,  F. 
Fearn,  P.  LeR. 
Fowler,  A,  C. 


1888. 

Gardner,  W.  D. 

Hebert,  O.  B. 

Jones,  W.  D. 

Koen,  J.  J. 

Lenox,  L.  R. 

Lipps,  H.,  Jr. 

Mcllvaine,  A.  R. 

Maclay,  J. 

Morgan,  L- 

Miller,  R.  P. 

Munoz  del  Monte,  A.  C. 

Parsons,  H. 

Percival,  G.  S. 

Perkins,  T.  S. 

1880. 

Freedman,  W.  H. 
Gifford,  S.  D. 
Griffitb,  V.  C. 
Griggs,  W.  E. 
Guiterman,  E.  W. 
Harrington,  T.  H. 
Harris,  E. 
Heinze,  F.  A. 
Holt,  M.  B. 
Ives,  A.  S. 
Jopling,  R.  F. 
Luquer,  T.  T.  P. 


Scbumann,  C.  H. 
Sbriver,  H.  T. 
Smitb,  F.  P. 
Smytb,  C.  H. ,  Jr. 
Stougbton,  A.  A. 
Taylor,  J.  B. 
Tucker,  A. 
Van  Dyck,  E. 
Van  Volkenburgb,  E. 
Volckening,  G.  J. 
Wampold,  L. 
Ward,  D.  W. 


Mabony,  A.  S. 
Mapes,  C  H. 
Massa,  C.  G. 
Mattbews,  C.  T. 
Monell,  J.  T. 
Moaley,  R.  K. 
Oseransky,  L  H. 
Piez,  C. 

Post,  A.  Van  Z. 
Preston,  W.  E. 
Provost,  A.  J.,  Jr. 
Provot,  G. 
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Raymond,  R.  M. 
Raynor,  R. 
Rogers,  0.  L. 
Schroeder,  J.  L. 
Skidmore,  S.  T. 


Andrews,  S.  W. 
Beck  with,  G.  A. 
Behlen,  H. 
Belts,  R.  T. 
Black,  A.  L. 
Blake,  E.  M. 
Book,  D.  D. 
Bradley,  S.  R. 
Buckland,  W.  A. 
Cairns,  F.  I. 
Carson,  J. 
Clark,  D.  L. 
Clayton,  W.  R. 
Colton,  F.  G. 
Connell,  H.  R. 
Coykendall,  T.  C. 
Davis,  W.  M. 
Deghnee,  J.  A. 


Small,  F.  M. 
Smith,  A. 
Smith,  F.  M. 
Stoughton,  C.  W. 
Waters,  G.  S. 

1890. 

Douglas,  J.  S. 
Ferguson,  G.  A. 
Fisher,  L.  W. 
Foy6,  A.  E. 
Gudewill,  C.  E. 
Gould,  E.  C. 
Hart,  C.  H. 
Hewlett,  J.  M. 
Hinman,  B.  C. 
Hooper,  F.  C. 
Hoyt,  J.  S. 
Hurlburt,  E.  D.,  Jr. 
Jarmulowsky,  M. 
Jones,  T.  J. 
Kohn,  R.  D. 
Korn,  L. 
Levy,  A.  L. 
Lichtenstein,  E.  G. 


Wedekind,  E.  H. 
Welkes,  E.  F. 
Weeks,  W.  H. 
Whitlock,  H.  P. 


Lowndes,  W.  S. 
McKleroy,  W.  H. 
Mann,  H.  B. 
Massa,  L.  F. 
Meikleham,  T.  M.  R. 
Montenegro,  M.  R. 
Parker,  H.  C. 
Portuondo,  J. 
Post,  W.  S. 
St.  John,  T.  M. 
Steers,  J.  R. 
Thorne,  W.  L. 
Wainright,  R.  T. 
Warren,  C.  P. 
Welch,  A.  McM. 
Welsh,  H.  F. 


Anderson,  Geo. 
Bli.ss,  C.  P. 
Blossom,  F. 
Boecklin,  W. 
Boyd,  R.  C. 
Brosnan,  F.  X. 
Cristy,  E.  B. 
Goodwin,  E. 
Hawley,  J.  F. 
Holter,  N.  B. 


1891. 

Hornbostel,  H.  F. 
Keeler,  F.  S. 
Kinsey,  F.  W. 
Ijeary,  (leo. 
Lilliendahl,  F.  A. 
Livingston,  A.  R. 
Miller,  E.  H. 
Mora,  M.  L. 
Raymond,  A. 
Skinner,  E. 


Strout,  W.  A. 
Thomari,  F.  C. 
Totten,  G.  0.,  Jr. 
Tucker,  S.  A. 
Tuska,  G.  R. 
Warren,  L. 
Watson,  R.  B. 
Wiener,  Wm. 


f 


LIST  No.  2. 


This  list  embraces  the  members  of  the  Alumni 
Association  of  the  School  of  Mines  under  the 
Constitution  of  that  body.  It  is  urged  that  all 
graduates  of  the  School  should  list  thennselves 
under  this  group.  Names  not  found  here  are 
grouped  in  List  No.  3,  ^vhich  includes  graduates 
Avho  are  not  also  members.  All  graduates  are 
requested  to  try  to  make  and  keep  this  list  correct 
and  accurate. 
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OF  THE 


ALUMNI  ASSOCIATION  OF  THE  SCHOOL  OF  MINES. 


Abeel^  George  Howard^  E.M.^ 1883. 

Box  533,  Hurley,  Wis. 
1883-1884,  Chemist  Iron  aiffs  Co.,  Negaanee,  Mich.  1886-1868,  Assistant  Manager 
Iron  Cliffs  Co.  1888-1889,  Manager  Ironton  Iron  Mining  Co.,  and  Agent  Pilgrim 
Mining  Co.  1889,  Supervisor  Bessemer  Township,  Gogebic  Co.,  Mich.  1888  to  date 
General  Manager  of  Montreal  River  Iron  Mining  Co.,  Hurley,  Wis.,  and  1889  to  date 
Agent  Ruby  Iron  Mining  Co.,  Bessemer,  Mich. 

Adam8;  John  M.,  A.M.,  E.M., 1867. 

132  Market  Street,  San  Francisco,  Cal. 
1868-1875,  Adams  &  WhiUock,  New  York  City.    1878-1880,  Adams  &  Carter,  San 
Francisco,  Cal.    Now  Mining  and  Mechanical  Engineer  as  above. 

Adams,  Randolph,  E.M., 1883. 

Clinton,  Iowa. 
Mining  Engineer,  New  South  Wales,  Australia. 

Adams,  William  Ckittenden,  C.E.,      ....     1884. 

Engineer  for  Economic  Gas  Motor,  etc.,  New  York  City. 

Agramontb,  Emilio,  C.E., 1886. 

1 18  E.  Seventeenth  Street,  New  York  City. 

Aldridge,  Walter  Hull,  E.M., 1887. 

Colorado  Smelting  Co.,  Pueblo,  Colo. 
Beginning  July,  1887,  Assayer  at  Colorado  Smelting  Co.,  Pueblo.     At  different 
times.  Chemist  of  Colorado  Smelting  Co.,  Pueblo.    August,  1890,  and  at  present  Me- 
tallurgist of  Colorado  Smelting  Co.,  Pueblo. 

Allen,  Chas.  Sumner,  Ph.B.,  M.D., 1874. 

Per  Ad.  1107  Market  Street,  Philadelphia,  Pa. 
Practicing  Physician. 

Allen,  Robert  Lawrence,  A.M.,  E.M.,         .  .    188^. 

102  Cambridge  Place,  Brooklyn,  N.  Y. 
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Amy,  Ernest  Julius  Hyacinthe,  A.B.,E.M.,        .        .    1886. 

Durango,  Colo. 
1885-1866,  Chemist  and  Assayer  at  works  of  the  San  Juan  and  N.  Y.  M.  and  S.  Co., 
at  Durango,  Colo.,  with  the  exception  of  three  months'  professional  visit  to  Old 
Hexico.  1886-1887,  Assistant  Manager  of  the  San  Juan  and  N.  Y.  M.  and  8.  Co.,  at 
Durango,  (\>]o.  1887-1888,  Manager  of  the  Hasseltou  Mountain  Mining  Co.,  at  Sil- 
▼erton,  Colo.  1888  to  April  1,  1890,  Assistant  Manager  of  Works  of  the  San  Juan 
Smelting  and  Mining  Co.,  at  Durango,  Colo,  (the  S.  J.  S.  and  M.  Co.  being  formed  by 
the  consolidation  of  the  S.  J.  and  N.  Y.  M.  and  S.  Co.,  of  Durango  and  the  Hazel  ton 
Mt.  Mfg.  Co.,  of  Silverton,  Colo.).  Since  April  1,  1890,  Creneral  Manager  of  the  San 
Juan  Smelting  and  Mining  Co..  at  Durango,  C-olo. 

Andrews,  Samuel  Wakeman,  Jr.,  Ph.B.,     .        ...     1890. 

35  W.  Forty-second  Street,  New  York  City. 

Appleby,  W.  R,  A.B.  (Associate), 1887. 

Professor  of  Mining  aud  Metallurgy,  University  of  Minnesota,  Minnea- 
polis, Minn.,  29  Bentley  Avenue,  Jersey  City,  N.  J. 

Atha,  Henry  Gurney,  Ph.B., 1889. 

756  High  Street,  Newark,  N.  J. 

Austen,  Peter  Townsend,  Ph.B.,  Ph.D.,  .        .     1872. 

New  Brunswick,  N.  J. 
18T7-1880,  Assistant  Professor  of  Analytical  C'hemistry,  Rutgers  College.     1880- 

1889,  Professor  of  General  and  Applied  Chemistry,  Rutgers  College.     1891,  resigned. 

Austin,  Thomas  Septimus,  E.M., 1876. 

Socorro,  N.  M. 
1877-1878,  in  Cuba  as  Chemist    1879-1880,  Assayer  Germania  Smelting  Co.    1880- 

1890,  Superintendent  Rio  Grande  Smelting  Co.,  Socorro,  N.  M. 


B. 

Baker,  George  Lewis,  Ph.B., 1888. 

Address  unknown. 

Balch,  Samuel  Weed,  E.M., 1883. 

P.  0.  Box  730,  Yonkers,  N.  Y. 
1883-1884,  Otis  Elevator  Co.    1884-1886,  Mowing  Machines.     1886-1889,  Garvin 
Machine  Co.,  I'ools  and  Special  Machinery.    1889  to  date,  General  consulting  practice 
as  Mechanical  Expert  and  Patent  Attorney.  Specialty,  Difficult  Mechanical  Problems. 

Baldwin,  William  M.,  Ph.B.  (Life  Member),        .         .     1884. 

Garden  City,  Queens  Co.,  N.  Y. 
Since  1885,  Chemist  for  the  New  York  Dye  Wood  Extract  and  Chemical  Co.    Since 
1888,  Vice-President  of  the  above  corporation,  and  at  present  having  charge  of  their 
manufacturing  department,  at  55  Beekman  Street,  New  York  City. 

Banks,  John  Henry,  E.M 1883. 

104  John  Street,  New  York  City. 
Chemist,  Assistant  in  Assaying  and  Analytical  Chemist.    Specialty,  Metallurgical 
Products. 

Bardwell,  Alonzo  Frick,  E.M,    .        .        .        .        .     1883. 
318  Cooper  Avenue^  Aspen,  Col. 
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Barnard,  Edward  Chester,  E.M.,        ....     1884. 

U.  S.  Geological  Survey,  Washiogton,  D.  C. 
Assistaat  Topographer  and  at  present  Topographer  in  the  United  States  Geological 
Survey,  1884-1891.    Have  been  engaged  in  mapping  in  Virginia,  Weet  Virginia,  and 
the  moantains  of  East  Kentucky. 

Barratt,  Edgar  Grant,  C.E., 1884. 

374  The  Rookery,  Chicago,  111. 
1?<h4  1KS8,  Engineer  for  The  Exhaust  Ventilator  C<*.     18^<8  to  date,  President  and 
Pntprietor  of  The  Exhaust  Ventilator  Co.     1891  to  date,  President  and  General  Man- 
ager of  the  Variety  Manufacturing  Co.*  Fill  the  above  positions  at  present  and  am 
consulting  Ventilating  and  Heating  Engineer. 

Bartlett,  Frank  Root,  C.E., 1888. 

P.  O.  Box  422,  AtlanU,  Fulton  Co.,  Ga. 
1*^N9  to  date.  Assistant  Engineer  Maintenance  of  Vfay  on  Atlanta  and  Charlotte 
Division  of  Richmond  and  Danville  Railroad. 

Barus,  Carl,  Ph.D.  (Associate), 1877. 

National  Museum,  Wajsbington,  D.  C. 

Baxter,  George  Strong,  A.B.,  E.M.,     ....     1868. 

17  Broad  Street,  New  York  City. 
1879-1879,  Civil  and  Mining  Engineer.     1880,  Cashier  N.  P.  R.R.     1890,  Treasurer 
N.  P.  R.R. 

Beard,  James  Thom,  PIM.,  C.E.,    .        .  1877. 

Addres.s  unknown. 
1H79-80,  Assistant  Engineer,  East  River  Bridge. 

Beebe,  Alfred  L.,  Ph.B., 1880. 

21  W.  Fifty-second  Street,  New  York  City. 
18H)  18^7,  inclusive,  Private  Assistant  to  Prof.  Rickerts,  School  of  Mines.  New 
York,  in  general  analytical  work,  esjiecially  Mineral  Anal^'ses.  Also  Assistant  in 
Assaying  and  Fellow  in  Chemistry,  IHHI -1Sm7,  inclusive.  1888  to  date,  inchisivt*. 
Assistant  Chemist,  New  York  Health  Department,  42  Bleecker  Street,  New  York 
City. 

Beur,  Edward,  C.E., \         .     1877. 

Behr  Bros.  &  Co.,  15  E.  Fourteenth  Street,  New  York  City. 

Bellinger,  Uiram  Paulding,  C.E.,       .....     1887. 

Assayer,  Colorado  Smelting  Co. ,  Pueblo,  Colo. 
Bemis,  Frei>erick  Pomeroy,  A.B.,  E.M.,       .        .         .     1886. 

Address  unknown. 

Benedict,  William  de  Llbsseline,  E.M.,  .     1872. 

32  Liberty  Street.  New  York  City. 

Benjamin,  Frank  Parkinson,  E.M.,     ....     1880. 

Broker,  44  New  Street,  New  York  City. 

Benjamin,  Marcus,  A.M.,  Ph.B.,  Ph.D.  (Lafayette),       .     1878. 

Consulting  Chemist,  15  W.  One  Hundred  and  Twenty -first  Street,  New 

York  City. 
Editor  American  Pharmacist,    f^ditor  Weekly -Drug.  News.    Editorial  Staff,  AppUion^a 
Annxtal  Qydopmdia  siace  1883.     Editorial  Staff  Appleton's  Cyclopaedia  American  Biog- 
raphy.   Editor  General  Guide  Booh  of  U.  S.  and  OtKMKfa,  and  other  guide  books,  D.  A. 
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A  Co.    Gontribator  to  Scieniijie  American^  Set.  Am.  8up.f  E,  and  M.  J.,  The  ChatUauquan , 
Bdford'8  Magaainet  Harper**  Weekly ^  etc. 

Berry,  Wilton  Guernsey,  Ph.B.,         ....     1886. 

42  Bleecker  Street,  New  York  City. 
18^:|jS-1889,  Universities  of  Berlin  and  Heidelberg  and  General  Chemical  Research. 
1889  to  date,  Assistant  Chemist,  New  York  Health  Department. 

Berry,  George,  C.E., 1888. 

78  Morton  Street,  Brooklyn,  N.  Y. 

BiEN,  Joseph  Rudolph,  E.M., 1887. 

139  Duane  Street,  and  P.  0.  Box  3557,  New  York  City. 
1887-^,  Topographer,  U.  S.  Geological  Survey,  Survey  of  Geyser  Basins,  Yellow- 
stone Nat.  Park.  1888-90,  Practice  as  Civil  And  Mining  Engineer,  firm  of  Vermeule 
&  Bien,  Now  York  City.  1890-91,  Practice  as  Civil  and  Topographical  Engineer 
Alone,  New  York  City.  At  present,  Julins  Bien  &.  Co.,  Lithographers,  Engravers  and 
Geographical  Publishers. 

Black,  Alexander  Leslie,  E.M.,         ....     1890. 

70  Broadway,  New  York  City,  and  222  Gravier  Street,  Now  Orleans, 
La. 

Blvde.nburgh,  Charles  Edward,  A.B.,  A.M.,  HM.,     .     1878. 

Mining  Expert  and  Prospector,  Box  189,  Bawlings,  Wyoming. 
Bodelsen,  Oscar,  E.M., 1884. 

Consolidated  Gas  Co.,  1547  Broadway,  and  3oy  W.  One  Hundred  and 
Twenty-seventh  Street,  New  York  (Mty. 

Bcecklin,  Werner,  Jr.,  C.E., 1891. 

Burlington,  Iowa. 

Book,  Dwight  Dana,  C.E., 1890. 

159  Washington  Park,  Brooklyn,  N.  Y. 

BooRiEM,  Robert  Elmer,  M.E.  (Life  Member),        .         .     1878. 

Aspen,  Colo.,  and  370  Grove  Street,  Jersey  City,  N.  J. 
1879,  Assayer,  general  work  in  Leadville,  Colorado.  1880-87,  Assistant  Superin- 
tendent, afterward  Manager,  Evening  Star  Mining  Co.,  Morning  Star  Consolidated 
Mining  Co.  and  others  at  Leadville,  Colorado,  Lead-silver  Mines.  Also  in  charge 
Farwell  Con.  M.  Co.,  Gold  Mines  at  Independence,  Colorado.  1887-90,  (rencral  Man- 
ager Blue  Bird  Mining  Co.,  Ltd.,  Butte,  Montana,  Operating  90-8tamp  Mill,  Dry 
('rushing,  Chloridizing,  Amalgamating  Process.  1891,  General  Consulting  Mining 
Engineer  and  Consulting  Director  in  Gold,  Silver,  and  Lead-Mining  Companies),  of 
which  a  Specialty  is  made.  Also  Mine  Operator  and  Owner,  Silver  Mines  at  Aspen, 
Colorado. 

Braschi,  VicroR  Manuel,  Ph.B.,  E.M.,  C.E.,       .        .     1881. 

Apartado  830,  City  of  Mexico,  Mex. 
June,  1884,  to  October,  1884,  Inspector  of  New  York  Tenement  House  Commission. 
C)ctober,  1884,  to  May,  1885,  Interpreter  and  Sec'y  to  Gov.  Chilian  C/ommissioner  to 
Visit  and  Report  on  American  Mining  and  Smelting.  May,  1885,  to  October,  1885, 
Employed  by  Rend-Rock  Powder  Co.  in  Flood  Rock  Explosion  Work.  October,  l8vS5, 
to  January,  1889,  Assistant  Consulting  Engineer  and  in  (Charge  Foreign  Business, 
Rand  Hill  Co.  January,  February,  March,  1889,  Reporting  on  Mines  in  Mexico  for 
above  Co.,  and  for  one  year  past  engaged  in  introducing  Rand  Ruck  Drilling 
Machinery  in  Mexican  Mines.    Mexico,  April  2,  1891. 
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Brereton,  Thomas  J.,  A.B.,  1879,  C.E.,         .        .        .    1883. 

Osceola  Mills,  Pa. 
1879,  Rodman  on  Location  of  Redstone  Br.  P.  R.  R.     1880  and  1881  (Sammere)  on 
Now  York  State  Geodetic  Survey  of  Adirondacks.    1883-85,  Leveller  P.  R.  R,  Clear- 
field Co.  Surveys  and  Construction.    On  Corps  of  Engr.  M.  of  W.  P.  R.  R.     188»-89, 
Assistant  Supervisor,  P.  R.  R.   1890  to  present  date,  Supervisor  Tyrone  Div.,  P.EL  R. 

Brewster,  Henry  Draper  (Associate),  ....     1888. 
White  Plains,  N.  Y. 

Brftton,  Nathaniel  Lord,  E.M.,  Ph.D.,      .  .     1879. 

Columbia  College,  School  of  Mines,  New  York  City. 
Assistant  of  Geology,  School  of  Mines,  1879-1887.  Instructor  in  Botany,  Columbia 
College,  1887-1890.  Adjunct  Professor  of  Botany,  Columbia  College,  1800-1891. 
Assistant,  Cieological  Survey  of  New  Jersey,  1880-1887:  Botanist,  Geological  Survey 
of  New  Jersey,  1881-1890.  Field  Assistant,  U.  S.  Geological  Survey,  1882.  Professor 
of  Botany,  1891.    Specialty— Systematic  Botany. 

Brosn AN,  Francis  Xavier,  C.E., 1891. 

146  W.  Seventy-fourth  Street,  New  York  City. 

Brown,  Francis  G.,  E.M.,      .  .        .        .        .     1867. 

Merchant,  116  E.  Twenty -seventh  Street,  New  York  City. 

Browning,  John  H.  Brower,  M.D.  (Associate),  1880. 

120  E.  Thirty-fourth  Street,  New  York  City. 
Ck>llege  of  Physicians  and  Surgeons  of  City  of  New  York,  in  year  1882.  Afterwards 
Assistant  Physician,  New  York  City  Insane  Asylum,  Ward's  Island,  1882-83.  House 
Physician  and  Surgeon  to  St.  Francis  Hospital,  1883-85.  At  date,  Member  County 
Medical  Society  of  New  York,  Member  Physicians'  Mutual  Aid  Association,  Fellow 
American  Geographical  Society,  and  Assistant  to  Chair  in  Surgery,  New  York  Poly- 
clinic, Medical  Examiner  for  Presbyterian  Board  of  Foreign  Missions,  Oeneral  Prac- 
titioner of  Medicine  and  Surgery. 

Bruoman,  William  Frederic,  Ph.B.,   ....     1880. 

One  Hundred  and  Forty-fourth  Street  and  Southern  Boulevard,  New 
York  City. 

Bryce,  William,  Jr.,  Ph.B., 1884. 

40  W.  Fifty-fourth  Street,  New  York  City. 

Buckley,  Charles  Ramsay,  A.B.,  A.M.,  E.M.,      .        .     1877. 

41  Broadway,  New  York  City. 

BuLLMAN,  Charles,  Ph.B., 1883. 

Mining  Engineer,  Plainficld,  N.  J. 

IkTRNS,  Abraham  Lincoln,  E.M., 1887. 

li  Worth  Street,  New  York  City,  and  297  Halsey  Street,  Brooklyn, 
N.  Y. 

Sinco  November,  18K7,  with  Messrs.  Jabez  Burns  &  Sons  (Millwrights  and  Machin- 
ists, and  Manufacturers  of  Patented  Machines  for  Treating  Coffee  and  Spices).  Since 
July,  IHOO.  in  above  firm.  Professional  work  has  been  general  shop  draughting  and 
machine  design,  and  arranging  machines  and  power  transmission  in  coffee  establish- 
ments. 

Burns,  Elmer  Z.,  E.M., 1887. 

Mather  Electric  Company,  Manchester,  Conn. 
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BUBRITT,  WiLMOT  WoODWARD,  Ph.B.,      ....      1884. 
Chemist,  Englewood,  N.  J. 

Bush,  Edward  Renbhaw,  E.M., 1881. 

Mining  Engineer,  with  Ricketts  &  Banks,  104  John  Street,  New  York 
City. 

Butler,  Nathaniel,  E,M., 1880. 

51  Cedar  Street,  Room  8,  New  York  City,  and  Olen  Ridge,  Bloom- 
field,  Essex  Co.,  N.  J. 

1880-1882,  U.  S.  Harbor  Improvement  and  Railroad  Engineering.  1882-1888,  Sur- 
Teyor  for  Barlow's  Insurance  Surveys.  1888-1891,  Superintendent  of  Barlow's  Insur- 
ance Surveys. 

Butler,  William  Curtis,  M.E., 1887. 

Box  148,  Iron  wood,  Mich.,  and  175  Division  Street,  Paterson,  N.  J. 
1887-1889,  Assayer,  El  Paso  Smelting  Co.,  El  Paso,  Texas.  1889-1890,  Cliemist, 
afterward  Assistant  Superintendent,  Arkansas  Valley  Smelting  Co.,  I^adville,  Colo. 
1890,  Chemist,  now  Assistant  Manager,  Aurora  Iron  Mining  Co.,  Superior  Mining  Co., 
Comet  Mining  Co.,  Palone  Iron  Mining  Co.,  Penokee  and  Gogebic  Development  Co. 
(Operating  Colby  and  Tilden  Mines).  Also  in  charge  Ironwood  Electric  Co.,  Gogebic 
Electric  Co. 

Butler,  Willard  Parker,  E.M.,LL.B.  (Life  Member),     1878. 

ConnseUor  at  Law  and  Solicitor  of  Patents,  59  Wall  Street,  New  York 
City. 

0. 
Calman,  Albert,  Ph.B.,  Ph.D., 1882. 

332  W.  Fifty-sixth  Street,  New  York  City. 

Canpield,  Augustus  Cass,  E.M., 1877. 

60  W.  Fifty-fourth  Street,  New  York  City. 
Canfield,  Frederick  A.,  A.B.,  A.M.,  E.M.,  .        .        .     1873. 

Mining  Engineer,  Dover,  N.  J. 

Carson,  James  Pettigrew,  E.M., 1868. 

Address  unknown. 

Cary,  GEf)RGE,  Ph.B., 1886. 

184  Delaware  Avenue,  Buffalo,  N.  Y. 
Three  years'  study  of  Architecture  in  the  "  l^coledes  Beaux  Arts,"  Paris,  four  mentions 
and  a  silver  medal.  Competed  for  the  State  Capitol  of  Colorado,  Denver,  for  the  Erie 
County  Savings  Bank  Buffalo,  for  the  New  York  Cathedral,  and  for  the  Universalist 
Church,  Buffalo,  and  for  the  Driving  Park  stands  of  Buffalo,  and  am  building  several 
houses  and  the  Medical  Department  of  the  University  of  Buffalo. 

Casey,  Edward  Pearce,  C.E.  (Ph.B.,  1888),  .  .     1886. 

Architect,  28  W.  Thirty-fourth  Street,  New  York  City. 

Cauldwell,  John  Britton,  C.E., 1877. 

Drexel,  Haijes  &  Co.,  Paris,  France. 

Channing,  John  Parke,  E.M., 1883. 

Ishpeming,  Mich. 
1883,  Chemist  Hudson  River  O.  and  I.  Co.    1884,  with  S.  E.  Cleaves  &  Son,  Manu- 
facturers of  Mining  Machinery,  Houghton,  Mich.    1884-188.5,  Assistant  Managing 
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Engineer  Tamarack  Mine,  Calumet,  Mich.,  Dep.  Comm.  Minend  Stotiatics, 
1885-1886,  Saperintendent  Handarae  Land  and  Navigation  Co.  1886-1887,  Explor- 
ing for  iron  on  the  Gogebic  Bange,  and  Managing  Engineer  for  Milwaakee  L.  S.  and 
Western  Railway,  Superintendent  Iron  Belt  Mine.  1887-1890,  Inspector  of  Mines,  Go- 
gebic Co.,  Mich.  1890  to  date.  Superintendent  East  New  York  Iron  Co.,Ishpeming,  Mich 

Chazal,  Philip  Edward,  A.B.,  E.M.,     ....     1881. 

68  Meeting  Street,  Chirleston,  S.  C. 
1881-1883,  Prospecting  in  Northwest  Georgia.    1883-1889,  State  Chemist  of  South 
Carolina.    1889  to  present.  Partner  in  Shepard  Laboratory,  specialties  Phosphate  and 
Fertilizer  Analysis  and  examination  and  reporting  on  Phosphate  lands  (in  tSouth. 
Carolina  and  Florida). 

Chester,  Albert  Huntingdon,  A.M.,  E.M.,Sc.D.,  Ph.D.,  1868. 

Professor  of  (Teneral  and  Applied  Chemistry,  Rutgers  College,  and 
64  College  Avenue,  New  Brunswick,  N.  J. 
Professor  of  Chemistry  at  Hamilton  College  from  1870  and  Mineralogy  from  1878 
to  1891.  Conducted  the  Analytical  Laboratory  there  from  1871.  Chemist  New  York 
State  Board  of  Health,  1882.  Examined  and  reported  on  mines  of  iron,  gold,  silver, 
lead  and  zinc,  in  Michigan,  Maine,  Ontario,  Arkansas,  Colorado,  Utah,  Nevada,  Cali- 
fornia, and  Nova  Scotia.  My  analytical  work  has  been  largely  in  two  lines,  viz.,  for 
iron-blast  furnaces  and  of  paints  and  varnishes.  My  field  work  has  been,  a  great  part 
of  it,  in  the  iron  mines  of  Minnesota  and  the  gold  mines  of  Colorado. 

Church,  Elihu  Dwight,  Jr.,  E.M.,        ....     1887. 

Church  &  Co.,  36  Ash  Street,  and  124  Milton  Street,  Brooklyn,  N.  Y. 
1887-1888,  Fellow  Qualitative  Analysis,  School  of  Mines.    1888-1889,  Assistont  Su- 
perintendent of  Lead  Mine  and  Concentrating  Works.    1889-1891,  with  Church  &  Co., 
in  charge  of  experimental  plant. 

Church,  John  Adams,  A.M.,  E.M.,  Ph.D.,      .  1867. 

13  Burling  Slip,  New  York  City,  and  Tarry  town,  N.  Y.   Cable  addresR, 
Scotist,  N.  Y. 

Clark,  Diego  Lombilix>,  C.E., 1890. 

Cardenas,  Cuba. 

Clark,  Edwin  Perry,  E.M., 18S0. 

Title  Guarantee  and  Trust  Co.,  26  Court  Street,  and  425  Fifth  Street, 
Brooklyn,  N.  Y. 
1880-1883,  Engineer  and  Surveyor  for  Silver-Lead  Combination,  and  Robert  E.  I^c 
Mining  conipauies,  Leadville,  Colo.  1883  1884,  Medical  student.  1884  to  date.  Assist- 
ant Superintendent  and  afterwards  Superintendent  Title  Guarantee  and  Trust  Com- 
pany, 55  Liberty  Street,  New  York,  and  26  Court  Street,  Brooklyn.  In  charge  of 
construction  and  maintenance  of  locality-indexes  of  Real  Estate  Records  of  New 
York,  Kings  and  Westchester  counties,  N.  Y. 

Clark,  Franklin  Sinclair,  E.M.,  Ph.D.,     .        .        .     1885. 

Carolina  Oil  and  Creosote  Co.,  Wilmington,  N.  C,  and  527  Madison 
Avenue,  New  York  City. 
18KS-1887,  Chemist  to  Feruoline  Chemical  Co.,  Charleston,  S.  C.    1887  to  date.  Pro- 
prietor of  Southern  Chemical  Works  and  consulting  chemist  for  the  Carolina  Oil  and 
Creosote  Co.,  Wilmington,  X.  C.     Specialty,  Distillation  of  Wood  and  refining  products 
and  creosoting  wood. 

Colby,  Albert  Ladd,  Ph.B., 1881, 

Bethlehem  Iron  Co.,  South  Bethlehem,  Pa*. 
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1881-1883,  AssUitant  to  Prof.  C.  F.  Chandler  on  New  York  State  Board  of  Health  Ba- 
reau  of  Chemical  Analysts.  1883-1886,  Instructor  in  Quantitative  analysis  and  Chem- 
ical Philosophy  in  the  Lehigh  University,  Sonth  Bethlehem,  Pa.  1886  to  date,  Head 
Chemist  of  the  Bethlehem  Iron  Co.,  South  Bethlehem,  Pa.  Specialty,  Metallurgy  of 
Iron  and  Steel. 

Colby,  Charles  Edwards,  E.M.,  C.E.,  ....     1877. 

A(^.  Professor  Organic  Chemistry,  Columbia  College  School  of  Mines, 
New  York  City. 
Cole,  Harold  Morris,  E.M.,  C.E.,         ....     1887. 

Iron  Mountain  Co.,  Elkhorn,  Montana. 

Colt,  Stockton  Beekman,  Ph.B., 1888. 

33  E.  Seventeenth  Street,  and  29  E.  Twenty-eighth  Street,  New  York 

City. 
1888-1891,  in  office  of  G.  P.  Post,  architect,  as  above. 

OoLTON,  Charles  Adams,  E.M., 1873. 

21  W.  Park  Street,  and  57  Broad  Street,  Newark,  N.  J. 
1873-1882,  Assistant  in  Mineralogy,  School  of  Mines.  Columbia  College,  New  York. 
1882-1884,  Professor  of  Chemistry  and  Mineralogy,  Rose  Polytechnic  Institute,  Terre 
Haute,  Indiana.    1884  to  date.  Director  and  Instructor  in  Chemistry  and  Physics, 
Newark  Technical  School. 

CoNANT,  Henry  Dunning,  E.M., 1886. 

Guest  Station,  Wyse  Co.,  Va.,  and  72  E.  Park  Street,  East  Orange, 
N.J. 
1886-1888,  Assistant  Engineer  Tamarack  and  Osceola  Mines,  Lake  Superior,  and  H. 
and  C.  R.R.  1888-1889,  Assistant  Engineer  on  Preliminary  of  Northern  Michigan 
Railroad.  1889,  Assistant  in  Chief  Engineer's  Office,  Buffalo  and  Geneva  Rail- 
way. 1889-91,  Assistant  and  Resident  Engineer  Norfolk  and  Western  Railroad,  in 
charge  of  Preliminary  Location  and  Construction.  1891,  Eugineer  Coehurn  Land  and 
Improvement  Co. 

CoNGDON,  Ernest  Arnold,  Ph.B., 1887. 

Drexel  Institute  Arts,  Science  and  Industry,  Philadelphia,  Pa.,  and  18 
Broadway,  New  York  City. 
1887-1889,  Chemist  to  Champlain  Fibre  Co.,  Willsborough,  New  York.    1B89,  Studied 
at  the  University  of  Berlin,  Summer  Semester.    1889  to  date.  Instructor  in  Quali- 
tative Analysis  and  Assaying  at  the  Lehigh  University.    1891,  Professor  of  Chemistry 
.in  the  Drexel  Institute  of  Arts,  Sciences  and  Industries,  Philadelphia,  Pa. 

Conn  ELL,  Hewlett  RAiiSTON,  C.  E.,      .  1890. 

140  Pierrepont  Street,  Brooklyn,  N.  Y. 

Cooper,  William  Hamilton,  Ph.B.  (Life  Member),       .    1882. 

Address  unknown. 

Corcoran,  John  Thomas,  E.M.,  S.E.,     ....     1884. 

131  Smith  Street,  Brooklyn,  N.  Y. 

Cornell,  George  Birdsall,  E.M.,  C.E.,        .  .     1877. 

46  Broadway,  New  York  City. 

Cornwall,  Henrv  Bedinger,  A.B.,  A.M.,  E.M.,  Ph.D.,     1867. 

Professor  Analjrtical  Chemistry  and  Mineralogy,  College  of  New  Jer- 
sey, Princeton,  N.  J. 
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Cornwall,  Harry  Clay,  E.M., 1879. 

Commonwealth  Insurance  Co.,  Nassau  Street,  New  York  City. 

Cox,  Jennings  Stockton,  Jr.,  Met.  Enq.,      .        .        .     1887. 

,    U.  S.  and  B.  M.  S.  S.  Co.,  Mills  Building,  and  76  W.  Sixty-eighth 
Street,  New  York  City. 

1887,  Government  Survey  for  Canal  between  Harlem  and  Hudson  River.  1888-1889, 
Homestead  Steel  Works,  Draughtsman  and  afterward  Assistant  Master  Mechanic. 
1890,  Inspected  construction  of  Steamer  "  Sezurania"  and  "  Vigilancia"  for  the  U.  S. 
and  B.  M.  S.  S.  Co.,  at  Roach's  Shipyard,  Chester,  Pa.  1891,  Reporter  for  same  Com- 
pany on  Engineering  matters  along  the  Brazil  coast.  At  present  with  same  company 
in  New  York. 

Cramer,  Stewart  W.,  E.M,  (Associate), ....     1889. 

United  States  Assay  Office,  Charlotte,  N.  C. 
Graduate  of  United  States  Naval  Academy,  Resigned  from  United  States  Navy  Sep- 
tember, 18S8.  Graduate  student  at  School  of  Mines,  1888-1889.  July  1.  1889  to  date. 
Assay er  in  charge  of  the  United  States  Assay  Office,  Charlotte,  N.  C.  1890,  Special 
Agent  of  Census  Office  for  collection  of  statistics  on  Gold  and  Silver  mines  of  South. 
Special  correspondent  of  Engineeritig  and  Mining  Journal  in  Southern  States.  Occa- 
sionally report  on  gold  and  silver  mines  of  Southern  States.  Specialty,  Consulting 
Engineer  on  gold  and  silver  mining  in  Southern  States. 

Crocker,  Francis  Bacon,  E.M., 1882. 

Instructor  Electrical  Engineering,  Columbia  College  School  of  Mines, 
and  51  W.  Twenty-first  Street,  New  York  City. 
1882-1886,  Electrical  Engineer  and  Inventor.    1886-1867,  Vice-President  and  Elec- 
trician of  "C.  and  C."  Electric  Motor  Co.     1887-1889,  Vice-President  and  Electrician 
Crocker-Wheeler  Electric  Motor  Co.    1889  to  date,  Instructor  in  Electrical  Engineer- 
ing, School  of  Mines,  Columbia  College. 

Crowell,  Charles  Burton,  Ph.B.,        ....    1885. 

Box  664,  Colorado  Springs,  Colo. 

CusHMAN,  Alexander  Ramsay,  Ph.B.,  Ph.D.,       .  1878. 

Assistant  Analytical  Chemistry,  Columbia  College  School  of  Mines, 

and  128  E.  Sixteenth  Street,  New  York  City. 

1878-1880,  Post  Graduate  study  at  the  School  of  Mines,  for  degree  of  Ph.D.    1880- 

1882,  in  Colorado,  visiting  mines  and  smelters.    1882-1890,  Engaged  in  pursuing 

chemical  studies  and  lecturing  on  geology.    1890  to  date,  Assistant  Instructor  in  Qual  i  - 

tative  Laboratory  at  the  School  of  Mines,  Columbia  College. 

D. 

Darwin,  Harry  Gilbert,  C.E., 1887. 

Koom  18,  160  Broadway,  New  York  City,  and  Glen  Ridge,  N.  J. 
June,  1887  to  October,  1887,  Rodman  and  Leveller  on  Railroad  field  work  in  New  York 
State.  October,  1887  to  May,  1888,  Draughtsman  Strong  Locomotive  Co.,  New  York 
City.  August,  1888  to  date,  Assistant  Engineer  and  Acting  Superintendent  Safety 
Car  Heating  and  Lighting  Co.,  New  York  City.  Erection  of  special  gas  works,  and 
equipment  of  railroad  cars,  etc. 

Davis,  Charles  Henry,  C.E., 1887 

120  Broadway,  New  York  City,  308  Walnut  Street,  Philadelphia,  and 
576  Lexington  Avenue,  New  York  City. 
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Expert  course  and  Thomson- Hoaston  Electric  Co.,  Lynn,  Mass.,  summer  1887. 
Agent)  lAwyer  Mann  Electric  Co.,  winter  1887-88.  Supt.  selling  and  construction 
New  York  office  S.  M.  Elec.  Co.,  summer  and  winter  1888.  Agent  Westiughouse 
Electric  (bmpany,  winter  1889.  Consulting  and  Supervising  Electrical  Engineer 
from  May,  1889,  to  date. 

Davis,  John  Woodbbidge,  C.E.,  Ph.D.,  ....     1878. 

Principal  Woodbridge  School,  645  Madison  Avenue,  New  York  City. 

Delapield,  Augustus  Floyd,  Ph.D.  (Associate),    .        .     1869. 

University  Club,  New  York  City. 

DeLuzr,  Louts  Philippe,  C.E., 1879. 

New  Rochelle,  N.  Y. 

Denton,  Frederick  Warner,  C.E.,      ....     1889. 

Instructor  in  Mining  and  Civil  Engineering,  Michigan  Mining  School, 
Houghton,  Mich. 

Dbvereux,  Walter  Bourohier,  A.B.,  A.M.,  E.M.,        .     1878. 

166  West  Seventy-sixth  Street,  New  York  City. 

Dodge,  Frank  Dbspard,  Ph.B.,  Ph.D.,         .  .     1888. 

Heidelberg,  Germany,  and  58  Clark  Street,  Brooklyn,  N.  Y. 
1888-90,  Fellow  in  Chemistry,  AasiBtant  in  Organic  Ijaboratory,  School  of  Mines. 
1890-91  (stadyinfi[  in  Germany). 

DoDswoRTH,  Walter  Albert,  Ph.B.,     ....    1888. 

Pratt  &  Lambert,  47  John  Street,  New  York  City,  and  126  Pierpont 
Street,  Brooklyn,  N.  Y. 

DoNNELL,  Harry  Ellingwood,  Ph.B.,  .        .        .        .     1887. 

Architect,  address  unknown. 

D.>UGLAS,  John  Sheape,  O.E., 1890. 

36  Thames  Street  and  72i  Irving  Place,  New  York  (^ity. 
1890,  Course  Electrical  Engineering,  Columbia  College.    1891.  Crocker-Wheeler 
Electric  Motor  Company,  and  now  Assistant  Engineer  Western  Electric  Company  in 
Lighting  Department. 

Douglass,  Edward  Morehouse,  C.E.,  ....     1881. 

Topographer  U.  S.  Geological  Survey,  Washington,  D.  C. 
Dow,  Allan  Wade,  Ph.B.  (Life  Member),  1888. 

Col.  College,  School  of  Mines,  and  83  West  Seventy-first  Street,  New 
York  City. 
1888-89,  Honorary  Fellow  Quant.  Laboratory.  School  of  Mines.    1889,  Chemist  at 
Tilly  Foster  Mine,  New  York.    1889-91,  Assistant  Chemist  of  The  Barber  Asphalt 
Paving  Co. 

Downes,  Stanclipf  Bazen,  C.E., 1882. 

Fordham  (opposite  Harlem  Railroad  station),  and  1071  Madison  Avenue, 
New  York  City. 
December,  1882,  to  April,  1885,  Assistant,  Office  Topographical  Engineering  De- 
partment Public  Parks,  New  York  City.  April,  1885,  to  January,  1891,  Assistant 
Engineering  Department  Public  Parks.  April.  1886,  elected  Junior  Member  American' 
Society  Civil  Engineers.  January,  1891,  to  date,  Civil  Eugineer,  Fordham.  New  York 
City,  opposite  Harlem  Railroad  station. 
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Downs,  Willi  ah  Fletcbbr,  E.M.,         .        .         .        .     1882. 

Joseph  Dixon  Crucible  Co.,  and  75  Fairview  Avenue,  Jersey  City, 

N.J. 

With  the  Joseph  Dixon  Crucible  C/O.  since  gradaation.  From  Jane,  1882^  to  Sep- 
tember, 1882,  at  experimental  work.  From  September,  1882,  to  October,  1884,  in 
charge  of  lubricating  department.  From  October,  1884,  to  present  time  Superinten- 
dent of  crucible  and  other  departments. 

Drummond,  Isaac  Wyman,  E.M.,  Ph.D.,       .        .  1878. 

F.  W.  DeVoe  &  Co. ,  Willii^m  and  Fulton  Streets,  New  York  City. 

Dunham,  Edward  Kellogg,  Ph.B.,       ....     1881. 

Address  unknown. 

DUSENBERRY,  WALTER   LORTON,  E.M.,     ....      1884. 

Van  Courtland  Park.  N.  Y. ,  and  361  Produce  Exchange,  New  York 

City. 
1884-87,  miscellaneous.     U.  S.  Coast  Survey.    Mining  in  Mexico  and  the  we.st. 
Survey  of  New  Parks,  Westchester  County,  etc.    1887-89,  Inspector  of  Masonry  and 
Transit-man  on  New  Croton  Aqueduct.    1889-91,  in  charge  of  party  and  Assistant 
Engineer  of  Construction  Department  of  Public  Parks,  New  York  City. 

DwiGHT,  Arthur  Smith,  E.M», 1885. 

Superintendent  Colorado  Smelting  Co.,  Pueblo,  Colorado. 

E. 
Easton,  Lanqdon  Cheves,  C.E., 1884. 

Port  Harford,  San  Luis  Obispo  Co.,  Cal,  and  344  South  Grand  Avenue, 
Los  Angeles,  Cal. 
1885-88,  Engineer  Corps,  Aquednct  Commission,  New  York  City.    1889,  City  Sur- 
veyor's Corps,  Los  Angeles,  Cal.     1889  and  1891,  in  charge  of  harbor  improvements. 
Port  Harford,  Cal.,  under  direction  of  U.  S.  Corps  of  Engineers, 

Eastwick,  George  Spencer,  C.E., 1879. 

Manager  Louisiana  Sugar  Refinery,  New  Orleans,  La.,  and  1425 Broad- 
way, New  York  City. 

Eastwick,  Edward  Peers,  Ph.B.,  S.E.,  .        .        .     1889. 

1425  Broadway,  New  York  City. 

Eddie,  Edward  Crittenden,  E.M.,        ....     1885. 

Colorado  Smelting  Co. ,  Box  8,  Pueblo,  Colo. 

Edwards,  RrcHARD  Mason,  KM., 1886. 

Red  Jacket  and  Houghton,  Mich. 
18R()-87,  general  assay  office  at  Houghton,  Mich.     1888-89,  Professor  of  Mining. 
Michigan  Mining  School,  Houghton.    1890  to  date,  Mining  Engineer  for  Tamarack, 
Tamarack,  Jr.,  Osceola  and  Kearsarge  Mining  Cos.,  L.  S.,  Mich. 

EfLERs,  Karl  Emrich,  E.M., 1889. 

751  St.  Mark's  Avenue,  Brooklyn,  N.  Y. 
1889-91,  student  and  travelling  in  Europe. 

Eliot,  Walter  Graeme,  E.M.,  C.E.,  Ph.B.,  Ph.D.,       .    1878. 

Consulting  Sanitary  Engineer,  Editor  University  Magcadney  70  South 
Street,  and  University  Club,  New  York  City. 
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1878-81,  Consulting  Sanitary  Engineer,  New  York  City,  and  Assistant  Sanitary 
Engineer,  New  York  Board  of  Health.  1881-82,  Special  Agent  of  U.  S.  Tenth  Census, 
examining  waterworks  of  the  principal  cities  of  United  States.  1882-84,  General 
Manager  American  Photo -Lithographic  Co.,  New  York  ("ity.  1884-87,  Assistant 
Sanitary  Engineer,  New  York  Board  of  Health.  1887-90,  Secretary  and  Auditor 
VVestcott  Express  (-ompany,  New  York.  1890,  Editor-in-chief  of  the  Uuivernty  Mtufn- 
zine^  New  York. 

Elliott,  Arthur  Henry,  Ph.B.,  Ph.D.,       .        .  1881. 

Professor  Chemistry,  College  of  Pharmacy,  Editor  Anthony  s  BuUeiin^ 
591  Broadway,  New  York  City. 

Elliott,  William,  Pfl  B., 1880. 

O'Connor  &  Elliott,  16  Exchange  Place,  New  York  City. 

Emrioh,  Anton  Frederick,  E.M., 1882. 

United  Smelting  and  Refining  Co.,  Smelter,  Mont. 
1882-84,  with  the  Tombstone  Milling  and  Mining  Co.,  Charleston,  Arizona.  1884- 
H6,  Assayer,  Chemist,  Mine  Engineer,  the  Colorado  Smelting  (b.,  Pueblo,  CJoIo.  lH8*i- 
88,  Superintendent  the  Madonna  Mine,  Monarch,  Colo.  Proi>erty  of  the  Colorado 
Smelting  Co.,  Pueblo,  Colo.  1888-89,  Mining  Engineer  acting  as  Expert  for  the  Mon- 
tana Smelting  Co.,  of  Great  Falls,  Mont.,  in  Montana,  Idaho,  Washington  and  British 
CJolnmbia.  1889-90,  Mining  Engineer,  Superintendent  of  Mines,  Ore  Buyer  and 
Mine  Manager  for  the  Montana  Smelting  (^.,  Great  Falls,  Mont.  1890  to  presen t. 
Superintendent  and  Metallurgist  the  United  Smelting  and  Refining  Co.,  Smelter, 
Mont. 

Engel^  Louis  George,  E.M., 1880. 

Brooklyn  Sugar  Refinery,  and  238  Clermont  Avenue,  Brooklyn  N.  Y. 
Assistant  Engineer  Tilly  Foster  Iron  Mines,  Draughtsman  and  Superintendent  of 
Construction  Brooklyn  Sugar  Refinery,  and  Engineer. 

Engelhardt,  Eugene  Nicholas,  E.M.,  .        .        .     1885. 

Selby,  Contra  Costa  Co. ,  Cal. 
1886,  Assayer,  Chemist  and  Assistant  Superintendent  Pueblo  Smelting  and  Refining 
Co.     1887  and  1888,  Superintendent  of  the  same  company.    1889,  Assistant  Superin- 
tendent Anaconda  Smelting  Co.     From  1890and  to  presenttime,  Assistant  Superinten- 
dent Selby  Smelting  and  Lead  Co. 

p. 

Fahys,  George  Ernest,  C.E.,        .        .        .        .        .     1884. 

38  Maiden  Lane,  New  York  City,  and  285  DeKalb  Avenue,  Brooklyn, 

N.  Y. 

T^^iasurer,  Prentiss  Calendar  Time  Co. 

Falk,  David  Beauregard,  C.E., 1882. 

Savannah,  Ga. 

Feabn,  Percy  Le  Roy,  E.M., 1889. 

Mina  la  Trinidad,  Puntarenas,  Costa  Rica,  C.  A. 
1889-90,  Assayer  and  Surveyor,  Trinidad  Mine,  Costa  Rica.    1890  to  date,  Superin- 
tendent, Trinidad  Mine,  Costa  Rica. 

Ferguson,  William  Cushman  Augustine,  Ph.B.,  1887. 

Laurel  Hill  Chemical  Works,  Laurel  Hill,   N.   Y.,  and   138  Wilson 
Street,  Brooklyn,  N.  Y. 
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« 

From  1887  to  1888,  Chemist,  Falton  Sugar  Refinery.  From  1888  to  date  (1891), 
Chemist  for  Nichols  Chemical  Co.,  Manufactarers  of  Sulphuric,  Muriatic  and  Acetic 
Acids,  Alum,  Salt  Cake,  Risulphate  Soda,  Blue  Vitriol,  and  Smelters  of  Copper  Ore: 
also  Manufacturers  of  Acid  Phosphate.  Work  :  Investigation  of  different  questions 
affecting  above,  and  also  in  new  lines,  such  as  Sulphate  of  Alumina,  etc.  Also  ana- 
lytical work. 

Ferrer,  Carlos  Ferrer,  C.E., 1883. 

39  Broad  Street,  New  York  City. 
After  graduation,  for  a  few  weeks  on  work  at  the  School  of  Mines.  Then  under 
Mr.  W.  E.  Worthen,  C.E.,  on  some  work  for  the  Water  Commissioners  of  the  Stat^  of 
New  Jersey.  From  March.  1884,  to  January,  1887,  on  the  Engineering  Corps  of  the 
Aqueduct  Commissioners,  New  York  City,  as  Assistant  to  Engineer  of  (V>nstrurtion  ; 
Leveler  in  charge  of  field  work  on  Section  "  A  '*;  reduced  to  Rodman  in  charge  of 
same;  promoted  to  Assistant  Engineer:  resigned  in  January,  1887,  and  have  since 
been  engaged  in  business  for  my  own  account  at  above  address. 

Ferris,  Junius  Colton,  E.M., 1883. 

Carthage,  111. 

Feuchtwanger,  Henry,  Ph.B., 1882. 

Room  19,  99  Franklin  Street,  New  York  City. 

FiALLos,  Enrique  Constantino,  C.E.,    ....     1883. 

No.  27,  Calle  10a,  Tegucigalpa,  Honduras,  C.  A. 
General  practice  in  Engineering.    Professor  of  Mathematics  and  Mineralogy  in  the 
University  of  Tegucigalpa.    The  most  extensive  practice  has  been  as  Government 
Surveyor  of  Lands  and  Mines. 

Fisher,  WiLLARD,  E.M., 1888. 

Dallas,  Texaj5,  and  361  W.  Fifty-sixth  Street,  New  York  City. 
Draughtsman  to  Parsons,  C.E.,  New  York  City.  Assistant  to  Superintendent 
Segovia  (4old  Mining  Co.,  Nicaragua.  Clerk,  Office  of  Rich  Hill  C^al  Mining  Co., 
Rich  Hill,  Mo.  Engineerand  Mine  Surveyor,  Rich  Hill  Coal  Mining  (X,  Rich  Hill, 
Mo.  Prospecting  for  coal,  Southwest  Missouri,  along  the  line  of  Wichilaw  &  Western 
in  the  interest  of  the  Missouri  Pacific  Railroad.  Southern  Sales  Agent,  Coal  Cos.  on 
the  lines  of  Missouri  Pacific  Railway.    Capacity  of  Mines.  500  cars  daily. 

Floyd,  Frederick  William,  C.E.,  E.M.,      .        .  1877. 

539  W.  Twentieth  Street,  and  195  W.  Eighty-seventh  Street,  New 
York  City. 
1877-78,  Honorary  Assistant  in  Metallurgy,  School  of  Mines.  1878-81,  U.  S.  Geo- 
graphical Surveys,  West  of  lOOth  Meridian.  1881-H2,  Preliminary  Surveys,  New 
Croton  Aqueduct  and  Dam,  New  York.  1882,  Reporting  on  Mines  in  Colorado.  1883 
to  date.  Firm  of  James  R.  Floyd  &  Sons,  Iron  Works.  Specialty,  Gas  Engineering 
and  Ckis  Works  Construction. 

Fowler,  Albert  Casimir^  C.E., 1889. 

Cienfuegos,  Cuba. 

Fowler,  Samuel  Stewart,  A.B.,  E.M.,  ....     1884. 

Golden,  6.  C,  Canada,  and  Room  3,  34  Clark  Street,  Chicago,  111. 
1885,  Civil  Engineering  Work,  New  York.  188(),  Assistant  Superintendent,  Iron 
Hill  Mining  and  Milling  Co.,  Black  Hills,  South  Dakota.  1887,  Assistant  Superin- 
tendent Galena  Reduction  Co.,  Black  Hills,  South  Dakota.  1888,  Superintendent, 
International  Smelting  Works,  Texas.  Engineer  and  Assayer,  Bunker  Hill  and  Sul- 
livan Mg.  and  Cone.  Co.,  Idaho.    1889,  Reporting  sundry  properties.    1890  to  date, 
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SaperinteDdent  Golden  Mining  and  Smelting  Co.,  Golden,  B.  C,  Canada.    Specialty, 
Mining  and  Metallurgy  of  Silver-lead  Ores. 

Frank,  Jerome  William,  Ph.B., 1888. 

Standard  Varnish  Works,  207  Avenue  D,  and  104   E.   Eighty-first 
Street,  New  York  City. 

Freedman,  William  Horatio,  C.E.,      ....     1889. 

120  W.  One  Hundred  and  Twenty-fifth  Street,  New  York  City. 
John  Tyndall  Fellow  and  Post-graduate  in  Electrio^l  Engineering,  Columbia  College. 

FuRMAN,  Howard  Van  Fleet,  E.M  ,    .        .        .        .     1881. 

1400  Ijawrence  Street,  Denver,  Col. 
1882-88,  Assayer  and  Chemist  and  Foreman,  Germania  Lead  Works,  Utah.    Chem- 
ist, Globe  Smelting  and  Reflniug  Co.,  Denver.    Assistant  Superintendent,  BillingK 
Smelter,  Socorro,  New  Mexico.   Superintendent,  Bailey  Smelter,  Denver,  Colo.    1888- 
91,  some  experience  as  Consulting  Engineer  and  Metallurgist. 

G. 
Garlichs,  Herman,  E.M., 1880. 

Omaha  and  Grant  S.  and  R.  Co. ,  Omaha,  Neb. 
1880-83,  Surveying  and  Reporting  on  Mines  in  Colorado.   1883-87,  Aissistant  Super- 
intendent, Aurora  S.  &,  R.  C/O.,  Aurora,  111.    1887,  and  to  the  present.  Superintendent, 
Refining  Department,  Omaha  and  Grant  S.  and  R.  Co.    Specialty,  Silver  and  Lead 
Smelting  and  Refining. 

GiFFORD,  Stanley  Devol,  E.M., 1881). 

Butte  City,  Montana,  and  Tnckahoe,  N.  Y. 

Going,  Charles  Buxton,  Ph.B., 1882. 

President  Cincinnati  Desiccating  Co.,  Cincinnati,  and  Glendale,  Ohio. 

GoLDSCHMiDT,  Samuel  Anthony,  A.B.,  E.M.,  Ph.D.  (Life 

Member), 1871. 

Treasurer  Columbia  Chemical  Works,  199  Water  Street,  Brooklyn, 
N.Y.,  and  New  York  City. 
Assistant  Ohio  Geological  Survey,  1871.  Chemist  and  Assistant  Inspector  of  Fer- 
tilizers, Savannah,  Ga.,  durinj;  winters  of  1871-75.  During  summers.  Assistant  to 
Dr.  Chandler,  Inspector  New  York  Board  of  Health,  1871-75.  Reporting  on  Guano 
Islands,  South  Pacific,  1876.  General  Consulting  Practice,  1876-80.  Inspector  New 
York  Board  of  Health,  1879-88.  Treasurer  and  Manager  Columbia  Chemical  Works, 
1880  to  date.    Specialty,  Ammonia  Manufacture. 

Good,  George  McClelland  Houtz,  E.M.,    .        .        .     1886. 

Mining  Engineer,  Houtz  Estate,  Osceola  Mills,  Pa. 

Goodwin,  Edward,  E.  M., 1891. 

Tombstone  Mill  and  Mining  Company,  Tombstone,  Arizona,  and  Gov- 
ernor's Island,  N.  Y. 

Gordon,  John,  Jr.,  E.M., 1871. 

Merchant,  Edward  Johnston  &  Co.,  62  Sas  Pedro,  Rio  de  Janeiro, 
Brazil. 

Gosling,  Edgar  Bonaparte,  E.M.,  C.E,  .     1884. 

Point  Tewfik,  Egypt. 
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Tutor  in  Mathematics,  Colambia  College  from  1884  to  188~>.  Dranghtsiuan  and 
afterwards  Assistant  Engineer  in  Department  of  Docks,  New  York  City,  1886-88.  Id 
Manufacturing  BusinesB  in  Paris,  France,  1888-89.  Tutoring  in  Mathematics  and 
Engineering  Branches  in  New  York,  and  Superintending  building  of  houses,  intro- 
ducing Culni-burniug  Furnace  in  U.  S.,  1889-91.  On  Construction  and  Public  Works 
at  the  Suez  Canal,  Egypt,  to  build  two  villages  on  same  in  artificial  stone  (l^ctou 
Coignet). 

Graff.  Charles  Everett,  E.M., 1885. 

Eagle  Oil  Co.,  26  Broadway,  New  York  City,  and  Spring  Valley,  N.  Y. 
1885-87,  Assistant  Engineer,  Central  Entre  Riano  Railroad,  Argentine  Republic,  8. 
A.    1887-88,  Engineer,  Arizona  Union  Mining  Co.,  Prescott,  Arizona.    l.saH-90,  Mauu- 
faf^turing  Work,  Binding  Twine  and  Reapers.     1890-91,  Engineer,  Eagle  Oil  Co. 

Gratacap,  liouis  Pope,  Ph.B., 1876. 

Curator  American  Museum  Natural  History,  New  York  City,  and  West 
New  Brighton,  S.  I. 
Greenleaf,  James  Leal,  C.E., 1880. 

Adj. -Professor  Civil  Engineering  Columbia  College  School  of  Minos, 
and  Llewellyn  Park,  West  Orange,  N.  J. 
Special  Agent  for  Tenth  Census  for  Water-power  from  1880  to  1882.    Since  instruc- 
ting in  engineering,  civil  and  sanitary,  in  School  of  Mines,  Columbia  College.     1S91. 
Adjunct  Professor  (Mvil  Engineering,  Columbia  College. 

Griffin,  Samuel  Palmer,  Jr.,  E.M.,     ....     1884. 

Health  Department  and  449  Park  Avenue,  New  York  City. 

Griswold,  William  Tudor,  C.E., 1881. 

U.  S.  Geological  Survey,  Washington,  D.  C. 

Gross,  Louis  Nathan,  B.S.,  E.M., 1884. 

Merchant  and  38  East  Fifty-eighth  Street,  New  York  City. 

GuDEMAN,  Edward,  Ph.B.,  Ph.D., 1887. 

P.  0.  Box  30()1,  New  York  City. 
Private  Assistant  with  Dr.  C.  F.  Chandler,  18^  and  1890.     Honorary  Assistant  at 
the  School  of  Mines.      1889  and    1890,  Professor  of  Chemistry  in  charge  of  the 
Department  of  Chemistry,  Dyeing  and  Pottery  at  the  Pennsylvania  Museum  and 
School  of  Industrial  Art,  Philadelphia,  Pa. 

GuDEWiLL,  Charles  Edward,  C.E.,        ....     1890. 

2  West  Forty-seventh  Street,  New  York  City. 

Guiterman,  Edward  Wolf,  Ph.B.,        ....     1889. 

Passaic  Print  Works,  Passaic,  N.  J.,  and  335  West  Fifty-eighth  Street, 
New  York  City. 
1890  to  date,  (Chemist  above  works. 

H. 
Haasis,  Dunbar  Ferdinand,  E.M.,        ....     1883. 

Jones  &  Crane,  132  Nassau  Street,  New  York  City. 
1883^84,  Inspector  of  bridge  work.  Stony  Point,  New  York.  1885-88,  Assayer  and 
Chemist,  afterwards  General  Manager  Parral  Mining  and  Milling  Co.  (silver),  Mexico. 
1889,  with  Corps  of  Engineers,  U.  S.  A.,  on  New  York  Harbor  Improvements.  ISdO 
to  date.  Engineer  Marion  Phosphate  Co.,  Florida,  and  Engineer  Hamburg  Phosphate 
Co.,  Florida.    Surveying,  prospecting  and  reporting  on  phosphate  deposits. 
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Hale,  Albert  Ward,  A.B.,  A.M.,  E.M.,        .        .        .     1867. 

Department  Public  Works,  East  Twenty-fourth  Street,   New  York 
City. 

Hall,  Robert  William,  E.M., 1876. 

University  Building,  Washington  Square,  New  York  City. 

From  1879  to  1888,  Chemist  to  the  American  Gas  Fael  and  Light  Company  and  to 
some  associated  companies.  Since  the  autumn  of  1888,  Acting  Assistant  Professor  of 
(leueral  Chemistry  in  the  University  of  the  City  of  New  York.  Since  the  autumn 
of  1890,  also  Acting  Professor  of  Analytical  ('hemistry  in  the  same  institution. 

Hallock,  Albert  Peter,  Ph.B.,  Ph.D.,         .  .     1880. 

440  First  Avenue  and  434  Lenox  Avenue,  New  York  City. 
June,  1880.  to  Octoher,  1880,  with  Dr.  P.  de  P.  Ricketts.    Octoher,  1880,  to  Novem- 
ber, 1887,  Chemist  Consolidated  Gas  Co.    November,  1887.  to  January,  1889,  in  the 
shell  lime  business.    .Tanuarj*,  1889,  to  date.  Chemist  to  Carl  H.  Schultz,  Mineral 
Water  Factory.    Specialty,  Gas  and  Mineral  Water  Chemistry. 

Hanna,  George  Byron,  A.B.,  E.M.,       ....     1868. 

Charlotte,  N.  C. 

Chemist  and  Assistant  Geologist  North  Carolina  Geological  Survey.  Melter  and 
Assistant  Assayer  U.  S.  Assay  Office,  Charlotte,  N.  C.  Also  Consulting  Mining  Engi- 
neer and  Chemist,  etc. 

Harding,  George  Edward  (Associate),  ....     1867. 

Architect,  40  Exchange  Place,  New  York  City. 

Harrington,  Thomas  Henry,  C.E.,        ....     1889. 

244  East  Fiftieth  Street,  New  York  City. 

Harris,  Edwin,  Ph.B., 1889. 

Consolidated  Oil  Co.,  Parkersburg,  W.  Va. 

1889-90,  Chemist  of  the  Camden  Consolidated  Oil  Company.  1890  to  date,  Chemist 
Ckmden  (Wsolidated  Oil  Company  and  agent  for  oil,  mineral  and  timber  lauds  in 
West  Virginia  and  Ohio. 

Hathaway,  Nathaniel,  Ph.B., 1879. 

Swain  Free  School,  and  43  Elm  Street,  New  Bedford,  Mass. 
1H79-80,  Booth  and  Edgar  Sugar  Refinery.     1880-83,  Private  Assistant  to  Dr.  E. 
Waller,  New  York.     1883-91,  Teacher  of  Chemistry  and  Physics  Swain  Free  School, 
New  Bedford,  Mass.,  and  general  analytical  work. 

Hawres,  Emil  MacDougal,  A.B.,  E.M.,        .  .     1885. 

267  Fifth  Avenue,  New  York  City. 

Hawley,  John  Francis,  C.E., 1891. 

QuezaU«nang,  Guatemala,  C.  A. 

HUBERT,  Octave  Britfon,  C.E., 1888. 

rJ5  East  Seventy- fourth  Street,  New  York  City. 

Heinsheimer,  Alfred  Maurice,  C.E.,  ....     1887. 

Kuhn,  Loeb  &  Co.,  and  71  East  Ninetieth  Street,  New  York  City. 

Hendricks,  Henry  Harmon,  Ph.B.  (Life  Member),        .     1880. 
Hendricks  Bros. ,  49  Cliff  Street,  New  York  City. 
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Hewlett,  James  Monroe,  Ph.B., 1890. 

68  Remsen  Street,  Brooklyn,  N.  Y. 
HiLDRETH,  RussEL  Wadsworth,  E.M.,  ....     1885. 

R.  W.  Hildreth  &  Co.,  Inspector  and  Bridge  Expert,  No.  2  Wall  Street, 
New  York  City. 

Hildreth,  Walter  Edwards,  C.E.,  E.M.,    .        .        ,     1877. 

West  End,  Monmouth  County,  N.  J. 

Hill,  William,  C.E., 1882. 

Assistant  Superintendent  Collins  Company,  Box  196,  Collinsville, 
Conn. 
One  year  practical  experience  in  manufacture  of  crucible  steel.  Two  years  draughts- 
mau  and  assistani  to  raaator  mMhanic  of  company  manufacturing  crucible  steel,  bar. 
iron,  edge  tools,  plows  and  wrenches.  Engiaeer  iu  charge  of  reconstruction  of  dam 
600  feet  long,  32  feet  high,  at  Otis,  Mass.  For  past  five  yean,  Assistant  Superinten- 
dent for  the  Collins  Company,  employing  about  650  men,  manufacturing  priaciptllT 
edge  tools. 

HiNMAN,  Bertrand  Chase,  Ph.B.,         ....     1890, 

929  Flushing  Avenue,  Brooklyn,  and   Mansville,  Jefferson  County, 

iN.  Y. 

Since  June,  1890,  Chemist  to  the  Iron  Clad  Manufacturing  Company,  engaged  in 
the  manufacture  of  sheet-iron  enamelled  ware. 

HoLBROoK,  Francis  Newberry,  C.E.,   .  .        .    1876. 

Box  395,  Tarry  town,  N.  Y. 
From  foil,  1876,  to  spring,  1880,  Assistant  Assay  Laboratory  School  of  Mines. 
Spring  and  Summer  on  Geological  Survey,  West  Texas.    Then  to  1884,  spring.  Super- 
intendent Corralitos  Co.,  Chihuahua,  Mexico.     1884-87,  expert  work,  office  El  Paso, 
Texas.    Summer  and  fall,  1887,  Superintendent  of  United  Verde  Capper  Company, 
Arizona.     1888,  spring,  on  geological  work  for  the  Southern  Pacific  Comimny  in  West 
Texas.    Summer  and  fall,  running  gold  mine  and  mill  for  self  in  Arizona,     1889-90, 
Manager  for  U.  S.  Circuit  Court  in  suit  between  the  Con.  Kansas  City  Smelting  and 
Refining  Company  and  the  Guadalupe  Company,  in  Nuevo  Leon,  Mexico.     1890  to 
•  February,  1891,  employed  by  the  Compaftia  M^talurgica  Mexicana.    March  and  April, 
'  1891,  charge  of  copper  smelter,  Tucson,  Arizona. 

HoLDEN,  Edward  Henry,  C.  E., 1878. 

1074  Boston  Avenue,  New  York  City. 

Hollerith,  Herman,  E.M., 1879. 

Solicitor  of  Patents,  Room  48,  Atlantic  Building,  Washington,  D.  C. 

Hollick,  Charles  Arthur,  Ph.B.,        ....     1879. 

Box  175,  New  Brighton,  N.  Y. 
Superintendent  Mexican  Mine,  Mariposa.  Cal.,  1880.  New  York  City  Health  De- 
partment Inspector  from  1881-90.  Sanitary  Engineer  from  1890-91.  Special  In- 
spector at  date.  New  York  State  Board  of  Health.  Special  Expert  and  Inspector  of 
Olfen.sive  Trades,  both  iu  consultation  aud  field  work,  from  1883  to  date.  Board  of 
Health,  Village  of  New  Brighton;  appointed  a  member  of  the  Board  in  1886  aud  re- 
appointed each  year  since,  to  date.  Board  of  Health,  Long  Island  City,  Sanitary 
Adviser,  1890.  In  general  practice  as  a  sanitarian  from  1883  to  date.  U.  S.  Geological 
Survey— engaged  in  collecting  specimens  in  the  Territories,  in  1882.  Appointid 
Fellow  in  Geology,  Columbia  College,  January,  1890;  reappointed,  1891.  Beoordiog 
[  Secretary,  Torrey  Botanical   Club,  New  York,  1883-88.      Corresponding  Secretary 
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Natanil  Science  Association  of  Staten  Island,  1881  to  date.    Associat-e  Editor,  Btdletin 
Torrey  Botanical  dub,  1888  to  date. 

HoLLis,  Henry  Leonard,  E.M.,    ..*...     1885. 

1232  The  Rookery,  Chicago,  111. 
18bo,  Assistant  Chemist  Edgar  Thomson  Steel  Works.  1885-87,  Assistant  Chemist, 
North  Chicago  Rolling  Mill  (k>mpany.  1887-90,  Chief  Chemist,  North  Chicago  RoU- 
iog  Mill  Company,  which,  in  1889,  became  by  consolidation  part  of  the  Illinois  Steel 
Company.  1890,  member  of  firm  of  Rattle,  Nye  &  Hollis,  Analytical  Chemists  and 
Mining  Engineers. 

Hollis,  William,  C.E., 1878. 

Box  109,  Eagle  Pass,  Texas.     Agent  for  Alamo  and  Coahuila  Coal 
Companies. 

Holt,  Marmaduke  Burrell,  E.M.,       ....     1889. 

Aspen,  Colo.,  and  287  Lexington  Avenue,  New  York  City. 
1889-90,  Student  in  course  of  Electrical  Engineering,  School  of  Mines.    1890-91, 
with  Aspen  Mining  and  Smelting  Company,  serving  as  Mining  and  Electrical  Engi- 
neer. 

Hooker,  William  Augustus,  A.B.,  A.M.,  E.M.,  1869. 

Hooker  &  Lawrence,  145  Broadway,  New  York  City. 

Hooper,  Frank  Cyrus,  Met.  Eng.,       ....     1890. 

De  Lamar,  Idaho  and  Ticonderoga,  N .  Y. 
1890-1891,  Assistant  Engineer  De  Lamar  Mining  Co.,  Limited. 

HoPKE,  Theodore  M.,  Ph.B., 1880. 

Linden  Steel  Co.,  Pittsburgh,  Pa.,  and  Hastings  on  Hudson,  N.  Y. 
August,  1889,  November,  1881,  Analytical  Chemist  with  Ledoux  &  Co.,  New  York. 
November,  18H1  to  November,  1885,  Member  of  the  firm  of  Elliott,  Hopke  &  Mattison, 
Analytical  and  Consulting  Chemists  and  Assayers.  July,  1886  to  November,  1889, 
Chemist  for  Linden  Steel  Co.,  of  Pittsburgh,  Pa.,  also  had  charge  of  Physical  testing  de- 
partment. November  1889  to  date,  Manager  Open-Hearth  department  of  above  Co., 
having  full  charge  of  manufacture  of  all  grades  of  steel  made  by  the  company,  also 
building  of  open-hearth  furnaces. 

Horn,  James  Thurston,  A.B.,  C.E.,       ....     1884. 

Naval  Architect,  and  1 3  E.  Fifty-third  Street,  New  York  City. 

Horn E,  William  Dodge,  Ph.B., 1886. 

Instructor  Analytical  Chemistry,  Rutgers  College,   New  Brunswick, 
N.J. 

June,  1886  to  December,  18K7,  Chemist  to  Fulton  Sugar  Refinery,  Brooklyn,  N.  Y. 
October,  1887  to  December,  1887,  Assistant  Instructor  in  Chemistry,  School  of  Mines, 
Columbia  College.  December  1887  to  June,  1888,  Chemist  to  St.  Louis  Sugar  Refinery, 
St.  liouis.  Mo.  ()ctol)er,  1888  to  October,  1889,  Chemist  to  Standard  Sugar  Refinery, 
Boston,  Mass.  November,  188J>,  to  present  time,  General  Analytical  Chemistry,  Lab- 
oratory and  office  in  New  Brunswick,  N.  J.  January,  1890,  to  present  time,  Chemint 
to  Delaware  Sugar  House,  Philadephia,  Pa.  January,  1891,  to  present  time,  Instruc- 
tor in  Analytical  Chemistry  in  Rutgers  College,  New  Brunswick,  N.  J. 

Howe,  Epenetus,  E.M,  (Life  Member),    ....     1886. 

Cia  Constancia,  Sierra  Mojada,  Mexico,  and  North  Salem,  N.  Y. 
Assayer  and  Chemist  with  the  £1  Paso  Smelting  Co.,  and  the  Argentine  WorlcH. 
Kansas,  1887-1889,  and  with  Lacia  Constancia  Esmeralda  Sierra  Mojada  Coahuila, 
Mexico,  1889. 


—  32  — 
HoYT,  Walter  Lowrie,  E.M.,  C.E.,       ....    18V6. 

Orange,  N.  J. 
1877-1880,  Chemist  and  Metallurgist  at  Smelting  Works  in  Utah,  Montana  and  Col- 
orado.    1880-1884,  Metallurgist  with  Omaha  A  (rrant  Smelting  and  Refining  Co., 
Omaha,  Neb.    1884.  Mining  Engineer  with  El  Callao  Gold  Mining  Co.,  Venessuela,  S. 
A.    1885-1891,  Superintendent  St.  Louis  Smelting  and  Refining  Co.,  St.  Louis,  Mo. 

Humbert,  William  Scott,  E.M., 1883. 

Niagara  Falls,  N.  Y. 
18H3-1885,  Surveys  and  location  of  Tunnel  for  New  Croton  Aqueduct.  1885-1887, 
( Construction  work  new  Croton  Aqueduct  and  extensive  Topographical  Survey  of  the 
Croton  Valley.  1887-1888,  In  charge  of  construction  as  Assistant  Engineer  at  shafts 
No.  21,  No.  22,  and  No.  23  New  Croton  Aqueduct  (night  shift).  1888  to  1891  Assistant 
Engineer  in  charge  of  the  construction  of  two  large  dams  and  tunnels  connecting  the 
two  basins  of  Double  Reservoir  "  I,"  located  2  miles  east  of  Brewster,  N.  Y.,  on  the 
east  Branch  of  the  Croton  River.  1891,  Special  Assistant  Engineer  Cataract  Con- 
struction Company. 

Huntington,  Chester  (Associate), 1869. 

Box  1780,  New  York  City. 
Huntington,  Frederick  Wolcoti^,  E.M.,      .        .  1885. 

Red  Cliff,  Colorado. 

HuRLBUT,  Elisha  Denison,  Jr.,  C.E.,    ....     1890- 

106  Hicks  Street,  Brooklyn,  N.  Y. 
1890-91,  at  Columbia  College  Law  School.    1891,  Assistant  in  Mechanical  Engineer- 
ing, School  of  Mines. 

HuTTON,  Frederick  Remsen,  A.B.,  A.M.,  E.M.,  C.E., 

Ph.D.  (Life  Member), 1876. 

Columbia  College,  and  296  Lexington  Avenue,  New  York  City. 
1876-1877,  Assistant  in  Engineering,  School  of  Mines.      1877-1882,  Instructor  in 
Mechanical  Engineering.     1882-1891,    Adjunct  Professor  Mechanical  Engineering. 
1891,  Professor  Mechanical  Engineering. 


L 

Ifii^SENG,  Axel  Olaf,  B.S.,  E.M.,  C.E.,  ....     1877. 

Box  ICX),  Carthage,  Mo. 

iHii^ENG,  Magnus  C,  E.M.,  C.E.,  Ph.D.,  .        .     1875. 

Professor  Engineering,  State  School  of  Mines,  Golden,  Colo. 
Iles,  Malvern  Weli^,  Ph.B.,  Ph.D.  (Life  Meml)er),     .     1876. 

Superintendent  Globe  Smelting  Co.,  Denver,  Colo. 

Illig,  William  Charles,  E.M., 1882. 

327  E.  Forty-first  Street,  New  York  City. 

Ingersoll,  William  Halsey,  A.B.,  A.M.,  LL.B.,  E.M., 

(Life  Member),        . 1870. 

Northport,  N.  Y. 
1875-1878,  Agftistant  in  Engineering,  Cohimbia  College.    187B-1881,  Assistant  m 
Mechanics  and  Astronomy.      18A1-1887.  Manufacturing  tin-ware,  Portland,  Conn, 
18b7-date,  Incapacitated  from  practice  by  lack  of  health. 
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J. 
Jacobs,  David  Mark,  Ph.B., 1887. 

30  W.  Thirty-eighth  Street,  New  York  City. 

Jacobs,  Solomon  Joseph,  Ph.B., 1887. 

30  W.  Thirty-eighth  Street,  New  York  City. 

Janeway,  John  Howell,  E.M., 1886. 

50  W.  Ninth  Street,  New  York  City. 
18H6,  Underground  and  Sarfatw  Surveyor  for  Coo])er,  Hewitt  &  Co.    1887-1891 
Draiifrlitsuian  and  Designer  and  Constructing  Engineer  of  Wire  Rope  Tramways  in 
Montana,  Oregon,  Alaska,  and  California  for  the  Trenton  Iron  Co.,  Trenton,  New 
Jersey.    1891,  Resigned. 

Jenks,  Arthur  Wilton,  E.M., 1886. 

Chicago  and  Aurora  Smelting  Co.,  95  Lincoln  Avenue,  Aurora,  Ills. 
Summer  1886,  New  Jersey  on  Geological  Work.  1886-1887,  In  C^rro  de  Pasco, 
Peru,  S.  A.  Assayer  and  Chemist  to  the  commission  examining  that  silver  mining 
district.  Spring,  1887,  In  New  York,  Chemist  with  Ledouz  &  Co.  1887-1888,  In  Au- 
rora, UK,  Assistant  at  the  works  of  the  Chicago  and  Aurora  Smelting  and  Refining 
Company.  Summer  and  Fall  1888,  In  Dutch  Guiana,  S.  A.,  Assayer  and  Assistant  in 
the  examination  of  gold  deposits.  Fall  1888  to  date.  In  Aurora,  Ills.,  Assistant 
Superintendent  at  the  Aurora  Works  of  the  Chicago  and  Aurora  Smelting  and 
Refining  Co. 

Jedp,  Bernard  John  Theodore,  C.E.,  .  .     1887. 

328  De  Graw  Street,  Brooklyn,  N.  Y. 
Johnson,  Arthur  Gale,  E.M., 1886. 

Jensen,  Utah. 
Johns(»n,  Elias  Mattison,  Ph.B., 1878. 

Isaac G.  Johnson  &  Co.,  Spuyten  Duyvil,  N.  Y. 

Johnson,  Gilbert  Henry,  Ph.B., 1878. 

Isaac  G.  Johnson  &  Co.,  Spuyten  Duyvil,  N.  Y. 

Johnson,  Isaac  Bradley,  E.M., 1879. 

Isaac  G.  Johnson  &  Co. ,  Spuyten  Duyvil,  N.  Y. 

Jones,  William  Denison,  Ph.B., 1888. 

464  Clinton  Avenne,  Brooklyn,  N.  Y. 

JoPLiNG,  Reginald  Furness,  E.M.,        ....     1889. 

American  Wire  Co. ,  842  Wilson  Avenue,  Cleveland,  Ohio. 
November,  1889  to  February,  1890,  Chemist,  Otis  Steel  Co.,  Ltd.     February,  1890  to 
date.  Assistant  Manager  Ameri(»n  Wire  Co. 

JotET,  Cavalier  Harorave,  Ph.B.,      .        .        .        .     1882. 

104  John  Street,  New  York  City,  and  Roselle,  N.  J. 
Analytical  Chemist  with  Ledoux  &  Rickette,  1882-1875.     Analytical  Chemist  with 
G.  H.  Nichols  &  Co.,  Acid  Manufacturers  at  Laurel  Hill,  L.  I.,  from  1885-1888.    Work 
comprising  analyses  of  their  various  products  and  a  partial  supervision  of  their  manu- 
fiwture.    Analytical  Chemist  from  1888  to  present  time  with  Ricketts  &  Banks. 

JuDD,  Charles  Breck,  E.M., 1881. 

Milling  Engineer,  S2()  Peiin  Avenue,  Pittsburgh,  Fa. 
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Eaur,  Corydon  Powell,  Ph.B.,    .....     1878. 

Architect,  and  Art  Editor  of  Buihlhiq^  23  Warren  Street,  New  York 
City. 

Kelly,  William,  A.B.,  E.M., 1877. 

Vulcan,  Menominee  Co.,  Mich. 
1877,  '79,  '80,  Assistant  SuperinttMideiit.  Chemical  Chopper  Co.,  Phaniixville,  Pa.  Ib78, 
Chemist,  Nimrod  Furnace  (Vi.,  Youugstown,  Ohio.  1881-84,  Superintendent,  Kemble 
Coal  and  Iron  Co.,  Riddlesburg,  Pa.;  188.5,  Superintendent,  (rlamorgan  Iron  Co., 
Lewistown,  Pa.;  188(>-89,  Superintendent,  Kemble  Iron  Co.,  Riddlesburg,  Pa.;  In 
charge  of  Blast-furnaces,  Coal  Mines,  Coke  Ovens,  Ore  Mines,  Quarries,  Railroads, 
etc.  1889  to  date.  General  Superintendent,  Penn  Iron  Mining  Co.,  Vulcan,  Mich. ;  In 
charge  of  Iron-ore  Mines  on  the  Menominee  Range,  Lake  Superior.  Also,  1885-89. 
President  Board  of  Examiners  of  Bituminous  Mine  Inspectors  of  Pennsylvania, 

Kemp,  Jambs  Furman,  A.B.,  E.M.,  .  .     1884. 

Adj.  Prof.  Geology,  Columbia  College,  School  of  Mines,  New  York 
City. 
Several  months  with  the  Rand  Drill  Co.,  1883-1884.  Private  Assistant  to  Prof.  J. 
S.  Newberry,  1884-85.  Student  of  Geology  and  Mineralogy  at  the  Universities  of 
Ijeipzig  and  Munich,  Germany,  1885-86.  Instructor  in  Geology  at  Cornell,  1888-88. 
Assistant  Professor  of  CJeology  and  Mineralogy,  18S8-91,  and  Secretary  of  the  Faculty, 
1888-89.  Have  travelled  in  the  West  in  1889,  and  for  two  summers  past  have  been 
working  on  the  Gkology  of  the  Lake  Cham  plain  region  and  Adirondacks.  Am 
especially  engaged  on  Inorganic  and  Economic  Geology.  1891,  Adjunct  Professor  of 
(reology.  School  of  Mines,  Columbia  College. 

KiNSEY,  Frank  W^iLMARTH,  C.H, 1891. 

Rodman  Rapid  Transit  Commission,  New  York  City,  and  10  South 
Street,  Newark,  N.  J. 

K1S8AM,  Henry  Snyder,  Ph.B.. 1886. 

Architect,  1 307  Pacific  Avenue,  and  P.  O.  Box  2.  Tacoma,  Wash. 

Koch,  Edward  Cabot,  E.M.,  .        .        .        .        .     1879. 

Assistant  General    Manager,   Khnore  (i.   Co.,   Limited,  Rocky  Bar, 
Idaho,  and  160  E.  Fifty-sixth  Street,  New  York  City. 
1880,  1881,  1882,  Assayer  and  (niomist  at  Smeltei-s,  Leadville,  Colo.    1883-1888,  Sur- 
veyor and  Assistant  Superintendent.  L.  A.  (t.  Mg.  Co.,  Colo,    1889  to  datc%  Assistant 
General  Manager,  L  S.  Co.,  Ltd.,  and  V.  (».  Co.,  Ltd.,  Idaho. 

KoEN,  Joseph  John,  C.H, 1888. 

Board  of  HeaUh,  301   3Iott  Street,  New  York  City,  and  Pearsalls, 
N.  Y. 

1889-90,  Computer  on  New  Croton  Aqueduct.     1890  91,  to  date,  Sanitary  FIngineer 
on  New  York  City  Board  of  Health. 

KuNHARDT,  Wheaton  Bradish,  HM.  (Life  Member),     .     1880. 

32  Beaver  Street,  New  York  City. 

1880-H2,  Travel  and  Study  in  the  West  and  in  Kurope.     1883-88,  Engineer  for  the 

Bower-Barff  Rnstless  Iron  Co.,  and  Assistant  of  Geo.  W.  Maynard  in  consnlting  work 

on  Iron-mines  and  Ore-dressing.     1888-89,  First  Assistant  F^ngiueer  of  the  Boston 

Heating  Co.,  under  A.  V.  Abbot,  as  Chief   Engineer.     18JK)-9l,  Examination  and 
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Exploration  of  Iron  and  Coal  Deposits  in  New  England,  with  the  Diamond  Drill. 
Report  on  Direct  Steel  Processes  and  on  Magnetic  Seimration  for  Iron -ores.  Acting 
Secretary  of  the  American  Institute  of  Mining  Engineers  for  foar  months. 

L. 
Laoombe,  Charles  Frederick,  E.M.,    ....     1885. 

The  Mountain  Electric  Co.,  1  and  2  DufF  Block,  1754  Larimer  Street, 
and  1528  Gilpin  Street,  Denver,  Colo.    Also,  University  Club,  New 
York  City. 
1885  to  1886,  Assayer  and  Surveyor  and  Foreman  of  Lacky  Boy  and  South  Galena 
Mines,  in  Bingham,  Utah.   18H6  to  1888,  Assistant  Instructor  in  Assaying,  and  Fellow 
in  Chemistry,  School  of  Mines,  Columbia  College,  N.  Y.     1888  to  1890,  Examining 
Gold  and  Silver  Mines  in  Colorado,  Utah,  Montaua,  Arizona  and  Old  Mexico.    1890, 
Testing  Electrical  Apiiaratus  in  Virginia  City,  Nevada.    1890,  Manager  of  the  Gilpin 
Go.  Light,  Heat  and  Power  Co.,  Central  City.  Colo.    1890  to  date,  President  and  Man- 
ager, The  Mountain  Electric  Co.    Specialty,  Installing  Electric  Light  and  Power 
Stations,  aod  adapting  electric  light  and  power  for  mining  purposes. 

Lahey,  Joseph,  E.M., 1887. 

162  E.  Seventy-eighth  Street,  New  York  City. 

Lahev,  Richard,  E.M., 1887. 

162  E.  Seventy-eighth  Street,  Now  York  City. 

Lamb,  Andrew  Johnson,  E.M., 1884. 

,       L.  &  N.  Railway,  Louisville,  Ky. 

June,  1884,  to  June,  1887,  New  York  Croton  Aqueduct,  Draughtsman.  June,  1887, 
to  Sept.,  1890,  Assistant  Engineer,  L.  &  N.  Railroad.  Sept.,  1890,  to  Juno,  1891, 
Assistant  Roadmaster,  Knox.  Div.,  L.  &  N.  Railroad. 

Lawrence,  Benjamin  Bowden,  E.M.,    ....     1878. 

Hooker  &  Lawrence,  145  Broadway,  and  216  E.  Eighteenth  Street, 
New  York  City. 

1878-84,  Sui>eriutendcnt,  Montezuma  S.  M.  C^.,  and  of  other  mines  of  Summit  (*o., 
<;olo.  1884-91,  Lessee  and  Operator  of  Mayflower  and  Pelican-Dives  Mines,  Clear  Oeek 
Co.,  Colo.  In  188«>,  Formed  partnership  with  W.  A.  Hooker,  E.M.,  Class  of  1869,  with 
office  at  145  Broadway,  as  Consulting  Mining  Engineei-s.  I  make  a  specialty  of  oper- 
ating nnder  lease  or  otherwise,  true  fissure  Gold  and  Silver  Mines,  also  Concentration 
uf  Gold-silver  ores.  Address  during  summer  of  1891,  Georgetown,  Colo.,  at  the 
Pelican-Dives  Mines. 

Leary,  Daniel  James,  C.E.,  E.M.,        .        .        .        .1881. 

Eagle  and  Provost  Streets,  Brooklyn,  N.  Y.,  22  Sute  Street  and  43  E. 
Twenty-fifth  Street,  New  York  City. 
1882  to  date.  Constructing  Highway  and  Railroad  Bridges,  Wharves,  Docks,  Dredg- 
ing and  Harbor  Improvements  generally,  in  vicinity  of  New  York  City,  as  Designing 
and  Supervising  Engineer,  as  well  as  Contractor  in  most  instances.  Consulting 
Engineer  on  Improvement  of  Harbor  of  St.  .John,  N.  B.,  preliminary  to  contracting 
for  same,  during  past  year.  In  general,  make  a  specialty  of  both  Engineering  and 
Constructing  work,  or  Engineering  work  alone,  in  this  branch  of  the  profession. 

Leary,  George,  C.E., 1891. 

43  E.  Twenty-fifth  Street,  New  York  City. 
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Leavens,  Harby  Wenman,  E.M.,  ....     1876. 

Salt  Lake  City,  Uuh. 

LeBoutillier,  Clement,  Ph.B.,     :        .        .        .        .     1881. 

Eliza  Furnace,  Pittsburgh,  Pa. 
1884-7,  Afssistant  Chemist,  Cambria  Iron  Co.     1887-91,  Chemist,  Eliza  Furnace. 

Lederle,  Ernest  Joseph,  Ph.B., 1886. 

Assistant  Chemist,  New  York  Board  of  Health,  301  Mott  Street,  New 
York  City,  and  Stapleton,  N.  Y. 
Ledoux,  Albert  Reid,  M.S.,  Ph.D.  (Associate),  1874. 

A.  R.  Ledoux  &  Co.,  10  Cedar  Street,  New  York  City. 

Lee,  George  Babstow,  E.M., 1885. 

Rio  Grande  Smelting  Co.,  Socorro,  New  Mexico,  and  71  E.   Eighty- 
fourth  Street,  New  York  City. 
1865,  Assay er  in  Butte,  Montana.    1886-1887,  Assay er,  Kansas  City  Smelting  and 
Refining  Co.     1887  to  date.  Assistant  Suiierintendeut,  Rio  Grande  Smelting;  Co., 
Socorro,  New  Mexico. 

Leggett,  Thomas  Haight,  E.M., 1879. 

Darien  Gold  Mining  Co.,  Limited,  18  Broadway,  New  York  City,  and 
26  Jamaica  Avenue,  Flushing,  N.  Y. 
1880,  Assistant  Engineer,  New  York  River  and  Harl>or  Surveys.  1881  1883,  Superin- 
tendent of  Mining  Properties  in  the  Batopilas  District,  Chihuahua,  Mexico.  1881, 
Travelling  in  the  West,  through  the  principal  Mining  Camps.  Butte,  Leadville.  etc. 
1884-1887,  Mining  Engineer  to  the  New  York  and  Honduras  Rosario  Mining  Co.,  at 
San  Juaucito,  Honduras;  Office  at  18  Broadway,  City.  1888,  Manager  of  Mudsill 
Mining  Co.,  Fairplay,  Colo. ;  Office,  23  Bucklersbury,  London,  £.  C.  1889-1890,  Gen- 
eral Manager,  Oarien  Gold  Mining  C^o.,  Ltd.,  of  Caua,  Rep.  of  Colombia,  and  86  King 
St.,  Manchester,  England. 

Lenox,  Lionel  Remond,  Ph.B., 1888. 

Lehigh  University,  and  447  Cherokee  Street,  South  Bethlehem,  Pa. 
After  three  years'  work  in  the  School  of  Mines,  and  previous  to  my  senior  year,  I 
was  respectively  in :  1887,  three  months  Assistant  Chemist  to  Fulton  Sugar  Refinery. 
1887,  six  months  Assistant  Chemist  to  Bethlehem  Iron  Co.  1888-89,  Instructor  in 
Qualitative  Analysis  and  Assaying,  J^high  University.  1889-91,  Instructor  in  Quan- 
titative Analysis  and  Industrial  Chemistry,  Lehigli  University. 

Levy,  Albert  Lino^ln,  E.M., 1890. 

Fischel  &  Levy,  Hartford,  Conn. 

LiLLIENDAHL,  ALFRED  WiPPLE,  E.M.,      ....      1883. 

Superintendent,  Mazapil  Copper  Co.  (Ltd.),  Concepcion  del  Oro,  Es- 
tado  de  Zacatec&s,  Mexico  and  82  Danforth  Avenue,  Jersey  City, 
N.  J. 
1888-91,  as  above. 

LiLLIENDAHL,  Frank  Armstrong,  E.M.,        .  .     1891. 

Assistant  Superintendent,  Mazapil  Copper  Co.  (Sta.),  Concepcion  del 
Oro,  Estado  de  Zacatecas,  Mexico,  and  82  Danforth  Avenue,  Jersey 
City,  N.  J. 

LiLiBNTHAL,  JoHN  Leo,  E.M.  (Life  Meml>er),  .  1870. 

1918  Jackson  Street,  San  Francisco,  Cal. 
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1871,  Assistant  id  Ijabonitory,  Prof.  Chandler,  School  of  Mines.  Assistant  in  Field 
Work,  Prof.  Newberry,  Ohio  Geological  Sarvey.  Assistant  in  Lectare  Room,  Prof. 
Joy,  Columbia  College.  Assistant  in  Metallurgical  Laboratory,  Prof.  Egleston, 
School  of  Mines.    1672-1891,  Mercantile  Business,  San  Francisco. 

LiLLiE,  Samuel  Morris,  E.M., 1874. 

328  Chestnut  Street,  Philadelphia,  Pa. 
1874-75,  Chemist,  Kings  County  Refining  Co.,  Green  Point,  L.  I.  1876-85,  Chemist, 
Franklin  Sugar  Refinery,  Philadelphia,  Pa.  1886-1887,  Sugar  Engineer  and  Chemist. 
1888,  1889  and  1890,  Vice-President  and  Manager  of  ''  The  Sugar  Apparatus  Manufac- 
turing Co.,"  a  Company  organized  under  the  IjHWs  of  Pennsylvania,  to  operate  under 
his  patents.    1891,  President  of  said  Company. 

Lipps,  Henry,  Jr.,  C.E.,  .  1888. 

R.  &  D.  R.R.,  Box  125,  Raleigh,  N.  C. 
From  July,  1888,  to  August,  1889,  Assistant  Engineer  Maint.  of  Way,  Dep.  R.  &  D. 
R.R.,  W.  N.  C.  &  V'a.  Mid.  Div.    August,  1889,  to  January,  1890,  Superintendent 
Track,  N.  C.  Div.  R.  &  D.  R.R.    January,  1890,  to  date.    Engineer  Maint.  of  Way, 
X.  C.  Div.  R.  &  D.  R.R.  • 

Little,  Willard  Parker,  E.M.,  Ph.B.,  .        .     1881. 

Architect,  28  West  Twenty-Third  Street,  New  York  City. 

Livingston,  Archibald  Rcxjers,  C.E.,   .        .        .        .     1891. 

20  North  Washington  Square,  New  York  City. 

Love,  Edward  Gurley,  A.M.,  Ph.B.,  Ph.D.,  .     1876. 

*    Gas  Examiner,  Department  Public  Works,  and  69  East  Fifty-fourth 
Street,  New  York  City. 

LuDu^w,  Edwin,  E.M  , 1879 

Superintendent  Choctaw  Coal  and  Railway  Company,  Hartshorn,  Indian 
Territory. 
1879-81,  Assistant  Engineer  in  charge  of  hydrographic  work  on  Delaware  River 
under  U.  S.  Engineer.  1881,  As.-4istant  Engineer  Mexican  National  Railroad,  Mexico. 
18^-89,  Assistant  Superintendent,  then  Superintendent,  for  Pennsylvania  Railroad 
coal-mines  at  Shamokin,  Pa.  1889  to  date.  Superintendent  of  Mines,  Choctaw  (^oal 
and  Railroad  Company,  Hartshorn,  Indian  Territory. 

LuQiJER,  Lea  McIlvaink,  C.E., 1887. 

Tutor  in  Mineralogy,  School  of  Mines,  New  York  City,  and  Bedford, 
N.  Y. 

Summer  of  1887,  Assistant  in  Geodetic  Surveying  with  Professor  Rees.  Summer 
of  1887,  Assistant  in  Surveying  with  Professor  Monroe.  Summer  of  1888,  Assistant 
in  Cveodetic  Surveying  with  Professor  Rees.  1887-90,  Fellow  in  Mineralogy,  School 
of  Mines.  1890.  Assistant  in  Mineralogy,  School  of  Mines.  1891,  Tutor  in  Mineral- 
ogy, School  of  Mines. 

LuQQER,  Thatcher  Taylor  Payne,  C.E.,   .       .  1889. 

Assistant  in  Mining.  Columbia  College,  School  of  Mines,  and  Bedford, 
N.  Y. 

1890,  Fellow  in  Engineering.  1890-91,  Fellow  in  Surveying  and  Practical  Mining. 
1891,  Assistant  in  Mining,  Columbia  College,  School  of  Mines. 

LusK,  Graham,  Ph.B.,  Ph.D.  (Munich,  1891),         .        .     1887. 
Instructor  of  Physiology  at  the  Yale  Medical  School,  New  Haven, 
Conn.     Address :  47  East  Thirty-fourth  Street,  N.  Y. 
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1887-1888,  Student  at  Mntiich.  1889,  Student  at  Munich.  Studied  at  Bellevue 
Hospital  Medical  Oollcji^e,  X.  Y.  1890,  Studied  at  Bellevue;  afterwards  in  Munich, 
1891,  Studied  at  Munich  ;  and  was  later  appointed  Instructor  of  Physiology  at  the 
Yale  Medical  School . 

55  West  Thirty-third  Street,  New  York  (Mry. 

LUTTGEN,  P]berhard,   Ph.B., 1884. 

Wissahickon  (yheniical  Works,   Ambler  and  (^hclteii   Hills,  Wyiicote 

P.O.,  Pa. 

18H4-85,  Assistant  Chemist,  (^rane  Iron  Company',  (ISatasauqua,  Pa.  1885  to  date, 
(*heniistand  Manager,  Keasl>ey  &  Mattison's  (■hemical  Works,  Ambler,  Pa.  Specialty, 
manufacture  of  magnesia. 

Lyman,  Frank,  A. B.,M.E.,     ......     1878. 

President  Brooklyn  Gas  Light  Company,  180  Remsen  Street,  and  50 
Remsen  Street,  Brooklyn,  N.  Y. 

M. 

McCuLi^H,  Edwin  Austin,  Pfi.B.,  ....     1878. 

Glencoe,  Md. 

McKenna,  Charles  Francis,  Ph.B.,     ....     1883. 

J.  J.  McKenna  &  Bros.,  Brass  Founders,  424,  426  East  Twenty-third 

Street,  and  144  West  Ninety-ninth  Street,  New  York  City.  » 

1883-84,  Chemist  Havemeyer  Su^ar  BefininK  Company,  Jersey  City,  N.  J.     1885-86, 

Chemist  Cambria  Company,  Johnstown,   Pa.      1887-90,   Chemist   Edgewater  Lime 

Works,  Edgewater,  N.  J.     1H90,  (.Miemist  Jas.  J.  McKenna  &  Bros.,  Brass  Founders, 

424,  42(>  East  Twenty-third  Street,  New  York  City. 

McKiM,  Robert  Albert,  C.E., 1884. 

Room  2i;i,  280  Broadway,  and  46  West  Ninth   Street,   New  York 
City. 
A&sistant  Engineer  on  New  Croton  Aqueduct.     (Entered  Aqueduct  EnKinet^r  Corps 
as  ('bainman,  in  February,  1885.) 

McLaughlin,  Charles  Swain,  Ph.B.,    ....     1884. 

2041  Fifth  Avenue,  New  York  City. 

MacKaye,  Harold  Steele,  C.E., 1887. 

Room  87,  Patent  Office,  and  1342  Q  Street,  N.W.,  Washington,  D.  C. 
Three  months'  work  in  New  York  Harbor  in  Army  (/orps  of  Enf^ineers.    One  year*s 
employment  in  the  Office  of  Patent  Solicitors.    Since  May,  18vS9,  :v<'tinjii(  as  Fourth 
Assistant  Examiner  of  the  U.  S.  Patent  Office. 

MacTeague,  John  Joseph,  E.M., 1883 

Mina  de  San  Salvador,  Sierra  Mojada,   Ooahuila,  Mexico,  and  care 
Mexican  Ore  Company,  El  Pa.so,  Texas. 

Maclay,  James,  C.E.,     .        .         .         .    '     .         .  1888. 

Tutor  in  Mathematics,  Columbia  College,  and  H7  Union  Street,  New- 
ark, N.  J. 

Mahony,  Arthur  Stuart,  E.M., 1889. 

New  Birniin/rham,  Cherokee  County,  Texas. 
IH\H),  First  As.si.stant  Grencntl   Manager  of  the  New  Hirniin!;hani  Iron   ami   Land 
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Company.     1891,  Treasurer  of  the  same  coraiwny,  also  Chemist  to  the  Tassie  Belle 
Furnace,  New  Birmiugham,  Texas. 

Mannheim,  Hermann  Charles,  E.M,,  ....     1887. 

St.  Louis  Smelting  and  Refining  Company,  Howard  Station,  St.  Louis, 
Mo. 
Mannheim,  Paul  August  I^uis,  E.M., .        .         .         .     1885. 

United  Smelting  and  Refining  Company,  (rreat  Falls,  Mont. 

Mari(%  Leon,  E.M., 1885. 

G.  H.  Bush,  146-150  Centre  Street,  and  33  East  Twenty-eighth  Street, 
New  York  City. 

Marsh,  Chaklbs  Wells,  I^h.B.,  Ph.D.,  .        .     1879. 

Johnson  City,  Tenn. 
1H79,  Assistant  in  Qual.  Analysis,  St^hool  of  Mines.  1880-83,  Assistant  in  Analy- 
tical Chemistry  and  Mineralogy,  Princeton,  N.  J.  1883-84,  at  work  in  Professor  Hof- 
mau's  Laboratory,  Berlin,  (terinany.  IkSH-89,  Instructor  in  Organic  Chemistry, 
Lehigh  University.  South  Bethlehem,  Pa.  At  present,  prospecting  and  chemist, 
Johnson  (Mty. 

Marsh,  John  lloLLiN,  E.M., 1887. 

Chief  Engineer  Indiana  Bridge  Com  pan}',  Muncie,  Ind. 
August  1,  1887,  to  date,  as  above. 

Martin,  Edward  Ward  (AsscKjiute),        ....     1877. 

(•hemist,  Board  of  Health,  301  Mott  Street,  New  York  (^ity. 

Massa,  Charles  Griswold,  C.E., 1889. 

28  Arch  Street,  Allegheny,  Pa.,  and  Fort  Lee,  N.  J. 
Octolier  to  December,  1889,  Topographical  Surveying  at  Greenwood  Lake,  N.  Y. 
January  to  March,  1890,  Inspector  at  bridge  shopi?  for  Messrs.  R.  W.  Hildreth  &  Co. 
April  to  September,  1890,  on  construction  corps,  RufTalo  and  (Geneva  extension  of 
Lehigh  VuUey.  October  to  December,  1890,  and  since  1st  April.  1891,  Instrument- 
man,  etc.,  on  construction  of  street  traction  road,  Alleghany,  Pa. 

Masba,  Louis  Ferdinand,  C.E., 1890. 

Sparrow's  Point,  Baltimore  County,  Md.,  and  Fort  Lee,  N.  J. 
October,  1890,  to  date,  shop  practice,  Pennsylvania  Steel  Works. 

Mathis,  Theophilus  Smith,  E.M.,  .... 

Engineer  of  Mines  and  Deputy  U.  S.  Mineral  Surveyor,  Telluride.  Col. 

Meissner,  Carl  August,  Ph.B., 1880. 

Vanderbilt  Steel  and  Iron  Company,  Box  867,  Birmingham,  Ala. 
One  year.  Assistant  Chemist  Joliet  Steel  (>>mpany.  Three  y*^rs.  Chemist  and 
Assistant  Superintendent  Brier  Hill  Iron  and  Coal  Company,  Youngstown.  Ohio. 
One  and  a  half  years,  Head  Chemist  Joliet  Steel  Company.  Three  years,  Manager 
Sterling  Iron  and  R'wy  Company,  Sterlington,  N.  Y.  At  present.  Vice  President 
and  General  Manager  of  the  Vanderbilt  Steel  and  Iron  Compivny,  Birmingham,  Ala., 
after  having  personally  organized  this  company. 

Melllss,  D.  Ernest,  xV.M.,  Ph.D.  (Associate),.         .         .     1868. 

•320  Sanson  Street,  San  Francisco,  Cal. 

Student  regular  course,  three  years.  School  of  Mines.     Afterwards,  two  and  a  half 

years  University  of  Goettingen,  graduating  Ph.D.,  in  1869.    One  year  at  University 

of  Vienna.    Since  then,  constantly  occupied  in  civil  and  mining  engineering.     In 

1873.  Wiis  ('hief  Engineer  in  charge  of  To))ographi<Mil  and  Creological  Survey  of  (}uano- 
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cMte  and  Xicoya  for  the  Costa  Rican  Government.  In  1881,  Consulting  Engineer  to 
the  Pacific  GhMB  Light  Company,  of  San  Francisco,  and  in  its  interest  studied  the  dif" 
ferent  gas-making  systems  in  the  United  States,  England,  France  and  Belgiam. 
Have  made  plans  for  and  erected  numerous  gold,  silver,  copper  and  lead  mines* 
Planned  the  Union  Iron  Works  of  San  Francisco,  and  superintended  their  oonstmc- 
tion ;  also  the  Arctic  Oil  Works  and  several  other  industrial  estahlishments  on  the 
Pacific  Coast.  Designed  and  built  the  Mazatlin  Water  Works  in  Mexico;  the  Hy- 
draulic Press  Brick  Works,  of  California,  the  largest  establishment  of  its  class  on  the 
Pacific  Coast.  Four  years  in  Central  America  and  Mexico.  Was  Administrator  of 
San  JosA  de  las  Bocas  and  Consulting  Engineer  to  Guadalupe  de  los  Reyes,  the  most 
successful  silver  mine  of  Sinaloa.    Am  now  Consulting  Engineer  in  San  Francisco. 

Merrill,  Frederick  James  Hamilton,  Ph.B.,  Ph.D.,  .     1885. 

State  Museum,  and  2  Sprague  Place,  Albany,  N.  Y. 
188&-87,  Assistant  on  the  Geological  Survey  of  New  Jersey.    1886-90,  Fellow  in 
Geology,  Columbia  College.    1890  to  date.  Assistant  State  Geologist  and  Assistant 
Director  of  the  New  York  State  Museum,  Albany,  N.  Y. 

Merritt,  James  Haviland,  Ph.B.,        ....     1880. 
Columbia  College,  School  of  Mines,  and  3  Monroe  Place,  Brooklyn, 

N.Y. 

From  1881-1888,  Chemist  to  the  Bradley  White  Lead  Co.    In  1889,  entered  the 
S<;hool  of  Mines  as  Post  Graduate  in  the  course  of  Architecture. 

•  

Merwin,  Hubert  John,  E.M., 1879. 

Civil  Engineer,  Cumberland  Gap,  Tenn. 

Meserole,  Walter  Moxfort,  C.E.,       ....     1881. 

Engineer,  Atlantic  and  Van  Siclen  Avenues,  Brooklyn,  N.  Y. 

Meyer,  Herman  Henry  Bernard,  E.M.,  .        .    1885. 

539  W.  Twentieth  Street,  New  York  City,  and  162  Hey  wood  Street, 
Brooklyn,  N.  Y. 
Surveying,  Field  and  Office  work  at  Pelham  Park,  Westchester  Co.,  July  to  No- 
vember, 1885.    December,  188.)  to  date,  Engineer  for  Oregon  Iron  Works,  New  York  ; 
designing  and  erecting  machinery  for  manufacturing  illuminating  gas. 

Middleton,  John,  C.E., 1887. 

350  Clermont  Avenue,  Brooklyn,  N.  Y. 

Miller,  Charles  Lewis,  E.M., 1885. 

Illinois  Steel  Company,  3179  xishland  Avenue,  Chicago,  111. 
1885-86,  Chemist  Iron  Works,  Pa.    1886-91,  Blast- Furnace  Manager  in  Penn.,  Nev., 
and  Ills. 

Miller,  Charles  Watts,  E.M 1884. 

Box,  401,  Aspen,  Colo. 
1884-1885.  Metallurgical  Engineer  Hecla  Bronze  and  Iron  Works.     1885-1886,  As- 
sayer  and   Chemist,  Aspen,  Colo.     1886-1891,  Mining  Engineer  and  United   State 
I>eputy  Mineral  Surveyor,  Aspen,  Colo.    General  mining  engineering  business. 

Miller,  Edmund  HowD,  Ph.B., 1891. 

Assistant  in  Assaying,  Columbia  College  School  of  Mines,  and  Mont 
Moor,  N.  Y. 

Miller,  Rudolph  Philip,  C.E., I88H, 

Box  355,  Richmond,  Vn. 
1888-1890,  Assistant  to  £.  M.  W.,  1890  to  date.  Supervisor  R.  and  D.  Railway. 
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MiLLiKEN,  George  Fanshawe,  E.M.,    ....     1879. 

Laad  Department,  N.  P.  R.  R.,  Tacoma,  Wash.,  and  Union  Ijcague 
Club.  New  York  City. 

1879-1880,  Saperiutendent ''  Miltoo  Mining  Company."  1880-1883,  General  Mana- 
Ker  "  Chester  Mining  Company."  1883-1887,  In  General  Consulting  Practice  as  En- 
gineer. 1887-1890,  General  Manager  "  Costa  Rica  Mining  Co.,  Ltd."  1890  to  date, 
(V>n8ultiug  Engineer  Northern  Pacific  Railroad. 

MoPFATT,  Edward  Stewart,  A.B.,  A.M.,  E.M.,     .  1868. 

General  Manager  Lackawanna  I.  &  8.  Co.,  and  3(H)  Quincy  Ave. 
Scranton,  Pa. 
For  a  mouth  or  so  daring  Summer  of  1868  worked  at  Blast  Furnaces  of  Bethlehem 
Iron  Co.  During  sessions  of  1868-1869  and  1869-1870  was  Adjunct  Professor  of  Min- 
ing and  Metallurgy  at  Lafayette  College,  Elaston,  Pa.  From  1870-1872,  Engaged  in 
Engineering  and  Metallurgical  Work  in  Northern  New  Jersey.  From  1872-1876, 
was  Manager  of  Port  Oram  Blast  Furnace,  New  Jersey.  From  1876-1878,  Superin- 
tending Construction  of  Secaucus  Blast  Furnace.  From  1878-1882,  was  Manager  of 
the  Blast  Furnace  and  Mines  of  the  Musconetcong  Iron  Co.  1882-1886,  Superintend- 
ent of  Blast  Furnaces  and  Assistant  General  Manager  Lackawanna  Iron  and  Coal  Co. 
1886-1891,  General  Manager  Lackawanna  Iron  and  Coal  Co.  From  January  1,  1891, 
General  Manager  Lackawanna  Iron  and  Steel  Co.,  the  new  company  which  has  been 
formed  by  consolidation  of  Lackawanna  Iron  and  Coal  Co.  and  Scranton  Steel  Co. 

Moldeunke,  Richard  George  Gottlob,  E.M.,  Ph.D.,  .     1885. 

McConway  &  Torley  Co.,  Forty-eighth  Street  and  L.  V.  R.R.,  Pitts- 

bargh.  Pa. 
1885,  '86,  '87,  Three  Summer  seasons  with  United  States  Coast  and  Geodetic  Sur- 
vey, New  York  and  Philadelphia  Harbors  and  Cape  Cod,  Mass.,  Hydrographic  Work, 
Triangulation,  Levelling,  etc.  1885-1886,  Winter,  nine  months.  Sanitary  Engineering, 
Inspector,  etc.,  New  York  Association  for  Improvement  of  Condition  of  Poor.  1887 
-1889,  EUetrical  Engineering^  five  months  Mining  F^ngineer  Sprague  Electric  Railway 
and  Motor  Co.,  seven  months  Mechanical  Engineer  Crocker-Wheeler  Motor  Co.,  five 
months  experimenting  on  patents  taken  out.  1889,  Manufacturing  for  myself.  Spe- 
cialty in  Machinists'  Tools.  1889-1890,  Professor  Mechanical  and  Electrical  Engineer- 
ing Michigan  Mining  School,  Houghton,  Mich.  1890  to  present  time,  Mechanical  Kn  - 
gineer  McConway  &  Torley  Co.  (Manufacturers  Janney  Coupler,  M.  C.  B.  type).  Spe- 
^  cialty,  Malleable  Castings  for  Railroads,  etc.,  outside  of  regular  Engineering  work. 

Chemist  and  Physical   investigation  in  line  of  Mai leabliziug  Irons,  Gas  Producing, 
etc. 

MoNELL,  Joseph  Thompson,  C.E., 1889. 

Columbia  College,  and  236  W.  Twenty-second  Street,  New  York  (-ity. 

Montenegro,  Manuel  Rafael,  E.M  ,  .        .        .        .     1890. 

3.5  Broadway,  New  York  City. 
Mora,  Mariano  Luis,  C.E., 1891. 

Perkins  &  Welch,  91  Wall  Street,  New  York  City. 

Moran,  Daniel  Edward,  C.E., 1884. 

Sooyj^mith  &  Co.,  2  Nassau  Street,  and  26  W.  Eighteenth  Street,  New 
York  City. 
Morgan,  Lancaster,  Ph.B., 1888. 

Hudson  River  Chemical  Works,  47  Fulton  Street,  and  Calumet  Club, 
New  York  City. 
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MoRQAN,  William  Fellowes,  A.B.,  E.M.  (Life  Member),     1884. 
Brooklyn  Bridge  Freezing  and  Storage  Co. ,  Arch  4  Brooklyn  Bridge, 
New  York  City,  and  Short  Hills,  N.  J. 
1884-1 88H,  Banking  and  Brokerage.     1888  to  date,  as  above. 

Morris,  Gtouverneur  William,  E.M.,  ....     1878. 

Meyers,  Rutherford  &  Co.,  58  Wall  Street,  and  55  W.  Thirty-third 
Street,  New  York  City. 
Banker  and  Broker. 

MosLBY,  Richard  Keeler,  Ph. B.,  ....     1889. 

Architect,  1 39  Glenwood  Avenue,  Orange,  N.  J. 

Moses,  Alfred  JasEi»H,  E.M.,  Ph.D.,  .        .        .     1882. 

Adj.  Professor  Mineralogy,  Columbia  College  School  of  Mines,  New 

York  City. 
1882-1885,  Assistant  in   Mineralogy,  School  of  Mines.    1885-1890,   Instructor  in 
Mineralogy  and  Metallurgy.     1890  to  date,  Adjunct  Professor  of  Mineralogy.    Man- 
aging Editor  School  OP  MINK8  QU.^RTKRLY. 

Mdlford,  Robert,  E.M., 1884. 

Mt.  Vernon,  N.  Y. 
1890,  Assistant  Superintendent  Bio  del  Oro  Gold  Co.,  Argentine  Republic,  S.  A. 
1891,  Honduras? 

MOller,  (ieorge,  Ph.B., 1887. 

Chemist,  Penokie  and  Gogebic  Consol.  Mines,  and  Box  14S,  Ironwood, 
Mich. 

MtTNOz  DEL  Monte,  Adolpho  Carlos,  C.E.,  Ph.B.,         .     1888. 

C.   P.  Chandler,  Jr.,  Architect,   32S  Chestnut  Street,  and  Chestnut- 
HtH,  Philadelphia,  Pa. 
July,  1888  to  date,  as  above. 

MunRoe,  Henry  Smith,  E.M.,  Ph.D.,    ....     1869. 

Professor  Mining,  Columbia  College  School  of  Mines,  and  45  Sidney 

Place,  Brooklyn,  N.  Y. 
1869-1870,  Post  Graduate  student  in  Chemistry  and  Economic  Geology,  School  of 
Mines.  1870-1871,  Assistant  Geologist  Ohio  State  Geological  Survey.  1870-1872,  As- 
sistant Chemist,  Department  of  Agriculture,  Washington,  D.  C.  187*2-1875,  Assist- 
ant Geologist  and  Mining  Engineer,  Geological  Survey  of  Yeddo,  Japan.  1875-1876, 
Professor  of  Geology  and  Mining,  University  of  Tokio,  Japan.  1877-1891,  Adjunct 
Professor  of  Surveying  and  Practical  Mining,  and  1891,  Professor  of  Mining,  Sch(»ol  of 
Mines  Columbia  College,  New  York  City.  Specialties,  Economic  Geology,  Ore  Dn^ss- 
ing,  and  Mining  Engineering. 

Menroe,  Otis  Mortimer,  Ph.B., 1879. 

Banker,  De  Soto,  Mo. 

MuNSELL,  Charles  Edward,  Ph.B.,  Ph.D.,  .        .        .     1878. 

Assistant  Chemist,  F.  W.  DeVoe  &  Co.,  100   Horatio  Street,  New 

York  City,  and  Rye,  N.  Y. 

November,  1868,  with  A.  E.  Foote,  Mineral   Dealer,  Philadelphia.     March,  1879, 

with  T.  A.   Edison,  Menio  Park,  N.  J.     May,  1879,  Chemist,  Bushwick  Chemical 

Works,  Brooklyn,  N.  Y.    October,  1879,  Stencilographer    and    Celestyper,  School  of 

Mines,  N.  Y.      January,  1880  to  December,  1885,  Milk  Inspector,  New  York  City 
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Health  Department.  Jaly,  1881  to  May,  1883,  Stat6  Milk  iDspector,  New  York  State 
Board  of  Health.  January,  1886  to  date.  Analyst  and  Assistant  Chemist,  F.  W.  Devoe 
&  Co.,  New  Yurk  City.    Specialty,  Paints  and  Colors. 

Murphy,  John  Glesvillb,  E.M.,  C.H,  ....     1877. 

350  Howard  Avenue,  New  Haven,  Conn.,  and  Box  703,  Middletown, 
Conn. 
Assistant  Superintendent  Orinoco  Exploring  and  Mining  Co.,  Oold  Mine.  Assist- 
ant Superintendent  ('^allao  Oold  Mining  Co.  Territorial  Geologist  of  Wyoming.-  Su- 
Ijerintendcnt  Esmeralda  Mining  Co.,  Black  Hills,  Dakota,  Gold  Mine.  Superintend- 
ent New  York  and  Ijee  Mountain  Syndicate,  Montana,  Lead -Silver  Mines.  I  have 
made  professional  examinations  in  nearly  all  parts  of  the  United  States,  the  Pachuca 
Silver  and  Jugnann  (.>)pper  Districts  in  Mexico,  and  two  and  half  years  ago  made  a 
six  months'  trip  in  Colombia  and  Ecuador. 

N. 
Napier,  Arthur  HowELii,  E.M., 1884. 

Sanitary  Engineer,  Lincoln  Bldg. ,  1  Union  Square,  West,  New  York 
City,  and  179  Harrison  Street,  Brooklyn,  N.  Y. 
1884,  Sanitary  Engineer  and  Inspector  for  New  York  State  '^  Tenement  House  Com- 
mission "and  New  York  "Society  for  Improving  Condition  of  Poor."     1885-1889, 
"  Assistant  Sanitary  Engineer/'  New  York  Health  Department.    1889  to  date,  Prac- 
ticing as  Sanitary  Engineer,  New  York  City. 

Navarro,  JuAN  Adalbertu,  C.E., 1880. 

Tapachttla,  Chiopas,  Mexico,  and  Care  Mexican  Consul  General,  35 
Broadway,  New  York  City. 
1881-1882,  Civil  Engineering  Course  in  Polytechnicnm,  Hanover,  Gterraany.  1882- 
1884,  Mexican  (iU>vernnient  Commissioner  to  study  railway  systems  ef  Europe.  1885 
-1886,  Rai1roa<l  Inspector  in  Interoceanic  Bailro}^!,  Mexico.  1886-1887,  Assistant 
C>ompiIer  of  Memoir  published  by  Department  of  Public  Works  (.Fbrnen/o),  Mexico. 
18H7  to  date,  Engineer  in  charge  of  Surveys  and  Representative  in  Chiopas  of  the 
Mexican  Land  and  Colonization  Co. 

Neptel,  Knight,  C.E.,  Ph.D., 1879. 

115  Broadway,  New  York  City. 

Xesmith,  James,  E.M., 1879. 

256  Henry  Street,  Brooklyn,  N.  Y. 

XErrRE,  Lionel  Robert,  E.M., 1869. 

Grill parzer  Strasse,  No.  11,  Vienna,  Austria. 

Newberry,  Spencer  Baird,  E.M.,  Ph.D.,       .  .     1878. 

Professor  Chemistry  Cornell  University,  Ithaca,  N.  Y. 

Newberry,  Wolcott  Ely,  E.M., 1884. 

General  Manager  Enterprise  Mining  Co. ,  Aspen,  Colo. 
1885-1885,  Metallurgist,  Casa  Grande  Cx).,  Arizona.  1885-1886,  Assistant  Superin- 
tendent Cananea  Mg.  Co.,  Sonora,  Mexico.  1886-1887,  Superintendent  ArKentnni 
Mining  Co.,  Aspen,  Colo.  1887,  General  Manager  Aspen  Mg.  and  Smelting  Co.,  As- 
pen, Colo.  1888  to  present  time.  General  Manager  Enterprise  Mg.  Co.,  Aspen,  Colo. 
Superintendent  Aspen  Contract  Mg.  Co.,  Aspen,  Colo.  Superintendent  Mutual  Benefit 
Mining  and  Milling  Co.,  Aspen,  Colo.  Specialty,  Limestone  Ore  Deposits.  Have 
done  murh  general  professional  work,  examination,  aiv. 
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Newbrough,  William,  A.B.,  E.M.,        ....    1884. 

Prof.  Engineering,  State  College  of  Kentucky,  Lexington,  Ky.,  and 
128  W.  Thirty-fourth  Street,  New  York  City. 

Newhouse,  Edgar  Libber,  E.M., 1876. 

75  and  77  Worth  Street,  New  York  City. 

Noble,  Loujs  Spencer,  E.M., 1885. 

76  W.  Ninetieth  Street,  New  York  City. 

1885-1889,  Mining  Engineer  to  Iron-Silver  Mg.  Co.,  and  Nisi  Prius  Cons.  Mg.  Co., 
of  Leadville.  Colo.  Also  during  1889  Consulting,  Reporting  and  Law-suit  work  on 
other  Colorado  properties.  1889-1890,  Superintendent  of  Mines  and  Mining  En- 
gineer to  Constancia  Mining  and  Smelting  Co.,  at  Sierra  Mojada,  Coahuila,  Mexico. 
1890-1891,  Mining  Engineer  on  Law-suit  preparation,  with  Blue  Bird  Mining  Co., 
Ltd.,  of  Butte,  Montana.    Specialty,  Lead,  Silver  and  Gold  Mines  and  Mining. 

XoLAN,  Thomas,  M.S.,  Ph.B.,  .        .        .     1884. 

Architect,  503  Wilder  Building,  Rochester,  New  York. 

NoRRis,  Dudley  Hiram,  E.M., 1877. 

Lawyer,  Mills  Building,  35  Wall  Street,  New  York  City. 

NoRRis,  Robert  Van  Arsdale,  E.M.,    ....     1885. 

Asnistant  Engineer,  P.  R.  R.,  Dept.  of  Anthracite  Coal,  First  National 
Bank  Building,  and  7  S.  Franklin  Street,  Wilkesbarre,  Pa. 
1885,  Assistant  in  Practical  Mining  and  Sarveyiug,  School  of  Mines.  U.  S.  Inspector 
of  Dredging,  in  charge  of  Manrice  River  Improvement,  Millville,  N.  J.  1886,  Chem- 
ist, Herman  Behr,  Manufacturer  of  Colors,  Brooklyn,  N.  Y.  June,  1886,  to  date,  Assist- 
ant Engineer,  Pennsylvania  Railroad,  I>epartment  of  Anthracite  Coal  Collieries.  Spe- 
cialty, Mechanical  Engineering  of  Collieries. 

Norton,  Lucien  Holley,  E.M., 1886. 

I*ark  City,  Utah,  and  123  Fairfield  Avenue,  Bridgeport,  Conn. 
1887-1890,  Engineering  Office,  N.  Y.,  N.  H.  &  W.  R.  R.  Experiem^e  in  Railroad 
(bustrnction,  Location  and  Preliminary  Surveys,  Office  Work  and  General  Survey- 
ing. 18fK),  Assayer  and  Engineer  to  West  Indian  New  Gold  Mining  Corporation,  San 
Domingo,  West  Indies.  Experience  in  Free  Melting  of  Gold-ores,  Assaying,  Survey- 
ing, etc.  January,  1891,  to  date,  Assayer  for  Daly  Mining  Co.,  Park  City,  Utah. 
Exiierience  in  Assaying,  General  Analyses.  Also  Leaching  of  Silver-ores  by  the 
Rnssell  Protress. 

NoYE*^,  James  Atkins,  Ph.B.  (Life  Member),  .        .  1878. 

Merchant,  02  Leonard  Street,  and  Box  950,  New  York  City. 

NoYEs,  William  Skaats,  E.M., 1875. 

Shaft er,  Presidio  Co.,  Texas,  or  Oakland,  Cal. 
1H77-1H79,  Assayer  for  McCrackin  Mining  Co.,  Mohave  Co.,  Arizona.    187^-l^<81 
Foreman  of  Bodie  Mill,  for  Bodie  ('oal  Mining  Co.,  Bodie,  Cal.    1881-1883,  Examining 
Mines  for  San  Francisco  Capitalists.    1883  to  present  time,  Superintendent  of  Pre- 
sidio Mining  Co.,  and  The  Cibilo  Creek  Mill  and  Mining  Co.,  Shafter,  Presidio  Co., 
Texas. 

Nye,  Alvan  Crocker,  Ph.B., 1884. 

Tiffany  Glass  Co. ,  333  Fourth  Avenue,  and  107  E.  Seventieth  Street, 
New  York  City.     . 
1884-85,  Draughtsman,  C,  C.  Haight,  Architect,  New  York  City.    1885-90,  Designer 
and  Head  Draughtsman,  Herter  Brothers,  New  York  City.    1890  to  date,  Furniture 
Designer  and  Architect,  The  Tiffany  Qlass  Co.,  New  York  City. 
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O. 

O'Connor,  Michael  Joseph,  E.M.,  Ph.B.,      .  .     1881. 

Architect  (1884),  28  W.  Twenty-third  Street,  New  York  City. 

O'Connor,  Thomas  Devlin,  Ph.B.,        ....     1881. 

O'Connor  &  Elliott,  16  Exchange  Place,  and  12  E.  Forty-fourth  Street, 
New  York  City. 

()ixx)rr,  Eben  Ebskine,  E.M., 1874. 

Mining  and  Metallurgical  Engineer,  18  Broadway,  New  York  City. 

Oothout,  Edward  Austin,  E.M., 1882. 

41  Liberty  Street,  New  York  City. 

Ormsbee,  James  Jackson,  E.M., 1886. 

Tennessee  Coal,  Iron  and  Railway  Co.,  Whitwell,  Tenn. 
1H86-91,  MiDing  Engineer  at  Tracy  City  Mines,  of  Tennessee,  Coal,  Iron  and  Rail- 
road Co.     1891  to  date,  Superintendent,  Thomas  Coal  Mines,  of  Tennessee  Coal,  Iron 
and  Railroad  Co.,  Whitwell,  Tenn. 

Osterheld,  Theodore  W.,  E.M., 1886. 

Franklin,  Pendleton  Co.,  West  Va.,  and  Yonkers,  N.  Y. 
Assistant  Superintendent  of  Blast-furnaces,  P.  S.  Co.,  1886-H7.  (Teueral  Foundry 
Practice,  Worthington  P.  Works,  18H7-88.  Owner  of  Foundry  and  (feneral  Iron 
Works,  1888-89.  Vice-President,  Pendleton  Mining  Co.,  and  C4)usultiug  Engineer, 
1889,  *90,  '91,  and  (reneral  Consulting  Engineer,  Iron  and  Coal  Specialty,  and  Metal- 
lurgist of  Iron  and  Finished  Manufacturing.  Interval  of  1H80-91,  of  the  months 
I^cd^mber  to  May,  Superintending  Construction  of  Rolling  Mill,  Southwest  Virginia. 
Specialty,  Coal  and  Iron  of  the  Virginias.  President  of  the  Southern  Reducing  Co., 
Ebcperts,  Chemists  and  Mining  Engineers. 

Owen,  Frederick  Nash,  E.M., 1878. 

Civil  and  Sanitary  Engineer,  58  W.  Ninety-first  Street,  New  York  City. 

P. 

Page,  George  Stephen,  E.M., 1885. 

Black  Diamond  Steel  Works,  Park  Bros.,  Pittsburgh,  Pa. 

Page,  William  Stevens,  E.M., 188'i. 

Aqueduct  Commissioner,  Sing  Sing  N.  Y. 

Painter,  Charles  Albert,  E.M.,  ....     1884. 

Pittsburgh,  Pa. 

Painter,  George  Edwards,  Ph.B.,        ....     1883. 

Pittsburgh,  Pa. 

Parker,  Andrew  McClean,  E.M.,        ....     1880. 

Assistant  Engineer,  Dept.  of  Docks,  Pier  A,  New  York  City. 

Parker,  Herscuel  Clifford,  Ph.B.,    ....     1890. 

Dept.  of  Physics,  Columbia  College,  New  York   City,  and  21  Ft. 
Greene  Place,  Brooklyn,  N.  Y. 
1890-91,  Fellow  in  Physics,  Assistant  Instructor,  Course  in  Physical   Measure- 
ments. 

Parker,  Richard  Alexander,  C.E.,     ....     1878. 

351  E.  Ridge  Street,  Marquette,  Mich. 
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1878-70.  Aflsistant  Sapcriiitendcut,  Muntezuma  Silvirr  Mining  Co.,  Montezama, 
Colo.  1880-81,  Surveyor  at  Georgetown.  1H81-H2,  Chief  Draaghtsman,  Mexican 
Natl.  Cons.  Co.,  Laredo,  Texas.  1883-84.  Examining  Mines  in  Colorado,  Utah  and 
Idaho  mainly  18K>-86.  Superintendent,  Atlanta  Hill  Gold  Co.  Also  Superintendent 
(at  same  time)  of  the  Big  Lode  (Gold)  Co.,  Atlanta,  Alturas  Co.,  Idaho.  1887-91, 
Agent  for  Samson  Iron  Manufacturing  Co.,  Imperial  Iron  Co..  and  Barassa  Iron  Co. 
Also  Consulting  Mining  Engineer.  Specialties,  Gold  and  Silver  Minfng  and  Milling, 
aiid  Iron -ores. 

Parks,  John  Randolph,  E.M., 1880. 

Helena,  MoDt. 
Paraga,  Charles  Frederick,  C.E.  (Life  Member),       .     1883. 

58  William  Street,  and  145  W.  Ninety-seventh  Street,  New  York  City. 
1883-84,  Inspector  of  Construction  of  Bridges  and   Railroad   Material  in  Europe. 
1884-86,  Railroad  Engineer  in  Colombia,  S.  A.     1887  to  date,  General  Expert  Busi- 
ness.   At  present  Delegate  from  Colombia  to  the  Inter-Continental  Railway  Commis- 
sion at  Washington,  D.  C. 

Parrot,  Edward  Moore,  E.M., 1870. 

Furnaceville  Iron  Co. ,  Sterling,  N.  Y. 

Parsons,  George  Howland,  E.M.,         ....     1868. 

Colorado  Springs,  Colo. 
1870  to  1880,  In  Nursery  Business  at  Flushing,  L.  I.  INH)  to  ])reseiit  time.  Secre- 
tary and  (reneral  Manager  of  the  The  Colorado  Springs  (%).,  and  of  The  National 
I^and  and  Improvement  Co.,  of  (Colorado,  with  Central  Office  in  (^lorado  Springs. 
Experienced  in  the  development,  improvement  and  sale  of  lands  in  Colorado,  espe- 
cially in  and  around  Colorado  Springs,  Mauitou  and  Pueblo,  also  in  irrigation  works 
and  growth  of  trees  in  Rocky  Mountain  region.  Specialty,  Investments  in  Real 
Estate,  Mortgages  and  Mines  in  Colorado. 

Parsons,  Henry,  C.E., 1888. 

1033  Madison  Avenue,  New  York  City. 

Paiisons,  William  Barclay,  A.B.,  C.E.,        .         .         .     1882. 

35  Broadway,  and  51  East  Fifly-third  Street.  New  York  City. 
1881.  Engineer  on  location  Amst.  and  Pine  Creek  Railroad.  Engineer  Blosshurg 
Coal  (\miiiany.  1882,  ent«jred  service  Eric  Railway,  Maintenance  of  Way  Depart- 
ment. 1885,  resigned  from  Erie  and  commenced  practice  in  Now  York  as  consulting 
engineer,  with  railways  and  water  works  as  s|>ocialties.  Have  been  connected  since 
then  with  following  works  (among  others)  as  Ciiief  or  CA)nsulting  Engineer:  Fort 
Worth  and  Rio  (trande  Railway,  Sene<»  and  Scranton  Railway,'  Amst.  and  Pine 
Railway,  Sandusky,  Ashland  and  Asliorta  Railway,  St.  Louis,  Alton  and  Springfield 
Railroad,  Louisiana,  Arkansas  and  Missouri  Railroad:  Stevens  Point,  Vicksburg, 
('orry,  Kent,  Pine  Bluff,  Natchez,  Homi«tead,  Tarrytown  water  works,  etc. 

Payne,  Clarence  QuiNTARD,  E.M.,        ....     1882. 

Stamford,  Conn. 

Pearis,  Charles  Fowler,  E.M., 1884. 

Box  374,  Helena,  Mont. 

Peck,  Staunton  Bloodgood,  C.E.,  M.E.,       .        .         ,     1886. 

Link  Belt  Machinery  Co.,  Thirty-ninth  Street  and  Stewart  Avenue, 
Chicago,  111.,  and  11 1  East  Thirty-fourth  Street,  New  York  City. 
One  and  a  half  years  Mechanical  Engineer.*  Burr  &  Dodge,  Philadelphia.    Two 
years  Assistant  Chief  Engineer  Link  Belt  Engineering  Company,  Philadelphia.    Since 
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1888,  Assistant  Chief  Engineer  Dodge  Coal  Storage  Company.  Since  1890  and  at 
present,  Chief  Engineer  Link  Belt  Machinery  Company,  Chicago.  Siiecialty,  hand- 
ling materials  in  bulk  or  package  and  power  transmissions. 

Peele,  Robert,  Jr.,  E.M., 1883. 

London  Bank  of  Mexico,  Lima,  Peru,  S.  A. 

Pellew,  Charles  Ernest,  E.M., 1884. 

College  Physicians  and  Surgeons,  437  West  Fifty-ninth  Street,  and  51 
East  Fifty-fourth  Street,  New  York  City. 
1H}S4-H5,  studied  chemistry  at  Lichigh  University  and  Bethlehem  SUml  Works. 
18S5-87,  studied  chemistry,  physics,  microscopy  and  bacteria  at  School  of  Mines  and 
at  (.'ollege  Physicians  and  Surgeons.  Private  Assistant  to  Professor  Chandler.  18H7 
to  date.  Instructor  and,  later,  l!)emonstrator  in  Physics  and  Chemistry  at  College 
Physicians  and  Surgeons.  Hon.  Fellow  in  Applied  Chemistry,  School  of  Mines. 
Also  in  general  chemical  practice  with  Professor  Chandler  (as  partner).  Specialty, 
chemical  and  other  expert  work,  including  medical  and  sanitary  questions,  e.g.,  tox- 
icology.   Also  as  patent  expert  in  chemical  and  physical  subjects. 

Pennington,  Jweph  Pope,  A.M.  (Associate), .  .     1868. 

42  Wall  Street,  New  York  City,  and  Orange,  N.  J. 
Assi.stant  Engineer  £.  T.  V.  <&  G.  K.R.     1881-83,  Engineer  Tombstone  Mill  and 
Mining  Company.     188^84,  1885  et  teq.^  railroad  construction    with   general   con- 
tnu'tors.    Assistant  Surveyor  Louisville,  St.  Louis  and  Texas   Railway.     Previous 
responsibilities  in  connection  with  life  insurance  interests. 

Percival,  George  Sydney,  C.E., 1888. 

Engineer  witli   Westinghouse,  Church,   Kerr  <&  Company,  17  Cort- 
landt  Street,  and  32  West  Forty-sixth  Street,  New  York  City. 
18H8-iJ0,  Hon.  Fellow  Mechanical  Engineering,  School  of  Mines.     1K90  to  date,  with 
Westinghouse.  Church,  Kerr  &  Company,  as  salesman  and  general  work  in  connection 
with  steam  engineering. 

Perkins,  Thomas  Slade,  Ph.B.,     .        .        .        .        .     1888. 

Ninth  Street  and  Gowanus  Canal,  South  Brooklyn,  and  39  Garden 
Place,  Brooklyn,  N.  Y. 
1889  to  date,  New  York  Tartar  Company. 

PisTOR,  William,  E.M., 1868. 

Architect,  35  Broad  Street,  New  York  City. 

Pitkin,  Lucius,  A.B.,  Ph.B., 1881. 

138  Pearl.  Street,  New  York  City. 
1H81-KS,  (^hcmist  to  laurel  Hill  Chemical  Works,  of  Nichols  Chemical  Company. 
Heavy  chemicals,  csiiecially  sulphuric  acid.  inK^S  to  date,  Analytical  and  consulting 
(*hemist,  at  alxivc  address.  Specialty,  in  consulting.  Manufacture  of  acids  and 
heavy  chemicals,  treatment  of  pyrites  and  copper  smelting.  Analytical  work,  (ien- 
eral.  but  special  experience  in  argentiferous  and  auriferous  copper-ores  and  products. 
Microscopical  and  experimental  investigations. 

PoLLEDO,  YSIDORO  YoNACIO,  E.M.,  ....       1885. 

Santa  Barbara  Sugar  Works,  Baro,  and  Apartado  1 6  F. ,  Matanzas, 
Cuba. 

Porter,  Henry  Hobart,  Jr.,  E.M.,        ....     1886. 

45  Broadway,  and  42  East  Forty-first  Street,  New  Y'ork  City. 
li^m-i^,  Fellow  in  Geology,  School  of  Mines.  Columbia  College.     IHHT-HH,  Sur- 
ve^'or  and  Assayer  Mexican  Ore  Company,  Sierra  Mojada,  Mexico.     1888-89,  Assis- 
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tant  Mining  Engineer  Batopilas  Mining  Company,  Batopilas,  Mexico.  1889-90,  Sar- 
veyor  and  Af»ayer,  Duqucsne  Mining  Company;  Assistant  Superintendent,  Bay  & 
Poorman  mine  examinations,  same  company;  Assistant  Superintendent  Sierrita 
County,  Arimna,  same  company.     18SM>-91,  Engineer  with  C.  W.  Hunt  Company. 

PoBTER,  John  Bonsall,  E.i[.,  Ph.D.,      ....     1882. 

C.  H.  &  I).  K.R.  Co.,  Cincinnati  and  Glendale,  O. 
AssisUint  Engineer  and  Expert  in  tests  of  metals  for  various  railways  and  corfiora- 
tions.     Lecturer  on  Mechanical   Eugiueeriug  and  Metallurgy  in  University  nf  Cin- 
cinnati for  some  years.    At  present  and  for  several  years  past,  Engineer  Maintenance 
of  way,  C.  H.  &  D.  R.B.  system.     Headquarters,  Cincinnati,  O. 

Post,  Abram  Skidmoue,  C.E., 1884. 

(Jroat  Neck,  N.  Y. 

PasT,  Alberts* )N  Van  Zo,C.E., 1889. 

45  Wall  Street,  and  5  East  Sixty-sc^eond  Street,  New  York  City. 
1HH9-(K),  Division  Engineer,  construction,  Baltimore  and  Eastern  Shore  Railroad. 
At  present,  with  the  Bailroad   Equipment  Company,  of  45  Wall  Street,  New  York 
City. 

P(/rrER,  William  Bleecker,  A.B.,  E.M.,  1869. 

l*rofes.*«or   Mctalluriry  and   Mineralogy,   Wa.shington   University,  St. 
Louis,  Mo. 

Powell,  Frederick,  A.B.,  E.M., 1883. 

Address  unknown. 

Powers,  Louis  J.,  Jr.,  E.M., 1884. 

Connecticut  River  Paper  Company,  Holyoke,  and  2S  Mattoon  Street, 

Springfield,  Ma&s. 

IHho,   Superintendent  Vermont    Construction   Company,   St.   Albans,   Vt.      18H6, 

Superintendent  Standard    Pulp  Company,    Springfield,   Mass.      1S87-8S.    Assistant 

Superintendent  Union  Manufacturing  Company,  Ilolyoke,  Mass.     1888  ta  date.  Agent 

(kninet^ticut  River  Paper  Company,  Uolyoke,  Mass. 

Prehtox,  William  Evan,  C.E., 1889. 

U.  S.  A.  Building,  39  Whitehall  Street,  New  York  City,  and  50  Murray 
Street,  Newark,  N.  J. 
1889  to  date,  submarine  blasting  and  dredging  for  U.  S.  harbor  work  with  grapple, 
divers  and  centrifugal  pump. 

Provost,  Andrew  Jackson,  Jr.,  C.E.,    ....     1889. 

Municipal  Building,  and  403  Washington  Avenue,  Brooklyn,  N.  Y. 
1889  to  date,  Assistant  Engineer  in  Sewage  Construction,  Department  City  Works, 
Brooklyn,  N.  Y. 

R. 

Randolph,  Edmund,  Ph.B., 1883. 

Secretary  and  Treasurer,  Alabama  Mineral  Land  Co.,  and  Randolph's 
Lane,  Riverdale,  N.  Y. 

Randolph,  John  Cooper  F.,  A.B.,  A.M.,  E.M.,       .        .     1869. 

Consulting  Mining  Engineer,  120  Broadway,  New  York  City. 

Randolph,  James  Fitz,  B.S.,  E.M.,         ....     1876. 

(Jomniunipaw  Coal  Co.,  Ill  Broadway,  New  York  City. 
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Raymond,  Robert  Matthew,  A.B.,  E.M.,     .  1889. 

Diamond  Mining  Co. ,  Neihart,  Mont. 

1880-82.  Assistant  Assayer,  State  of  Maine  Assay  Office,  Portland,  Me.    1882-86, 

Assayer  and  Assistant  Superintendent,  Haile  Gold  Mine,  S.  C     1886-89.  School  of 

Mines.   1889-90,  Assayer  and  afterwards  Assistant  Superintendent,  Montana  Smelting 

Co.,  Great  Falls,  Mont.  1891,  Superintendent,  The  Diamond  Mining  Co.,  Noihart.  Mont. 

Raynor,  Russell,  Ph.B., 1889. 

Grand  Street  and  Morgan  Avenue,  Bmoklyn,  N.  Y.,  and  25  E.  One 
Hundred  and  Tenth  Street,  New  York  City. 
Since  graduation.  Chemist,  with  Martin  Kalbfleisch  Sons  C<o.   For  the  past  eighteen 
or  twenty  months  outside  work;  now  practically  Assistant  Superintendent. 

Reckhart,  Daniel  William,  E.M.  (Life  Meral)er),  1884. 

'  Box  88,  El  Paso,  Texas. 

Reed,  Sylvanus  Albert,  A.B.,  A.M.,  E.M.,  Ph.D.,       .     1877.. 

Commonwealth  Ins.  Co.,  68  William  Street,  and  University  Club,  New 

York  City. 
1878,  Se<',retary  to  Assistant  Commissioner  General,  Paris  Exixisition.  1879,  Lec- 
tured on  Chemistry.  Reported  on  Mines  in  Colorado.  1880-84,  Superintendent  and 
part  Proprietor.  Sampling  and  (^ncentration  Works  in  Colorado,  and  Reported  on 
Mines  there  and  in  Idaho  and  in  the  South.  1886,  Consulting  Practice  in  New  York, 
Intent  Expert  work  and  on  Dredging  in  New  York  Harbor.  1886-91,  Sui>erintend- 
ent  Inspection  Department  of  Fire  Insurance  Co.  (Commonwealth,  of  New  York), 
Investigating  Hazards  of  Manufacturing,  Approved  Methods  of  CVinstruction  and 
S(;ience  of  Fire  Extinguishment. 

Rbes,  Benjamin  Fkanklin,  EM.,  ....     1874. 

17  Ferry  Street,  and  1425  Broadway,  New  Vork  City. 
At  Milwaukee,  Wis.,  in  Real  Estate  busine^  1875  to  1878.    Since  1878  engaged  in 
the  leather  business. 

Rees,  John  Krom,  AB.,  A.M.,  E.M.  (Life  Member),         .     1875. 

Prof,   (joodesy,  Practical  Astronomy,  and  Director  of  Observatory, 

Columbia   College,  and  1   W.   Seventy-second  Street,    New   Fork 

City. 

Assistant  in  Mathematics,  School  of  Mines,  1873-76.     Professor  of  Astronomy  and 

Mathematics,  Washington  University.  St.  Louis,  Mo.,  1876-81.     Member  Fort  Worth 

Solar  Eclijise  Party,  July,  1878.    Instructt»r  in  Creodesy,  etc.,  Columbia  College,  1881- 

82.    Adjunct  Professor  in  Geodesy,  etAi.,  Columbia  College,   1882-84.     Professor  in 

Geodesy,  etc.,  Columbia  College,  1884  to  date.     Director  of  Observatory,  Columbia 

C'ollege,  1881  to  date.    Chairman  of  Board  of  Editors,  School  of  Mines  Quarterly, 

1883-90. 

Renault,  Gkorge,  C.E., 1883. 

61  Irving  Place,  New  York  City. 
Rbbtrepo,  Camilo  Claudio,  E.M.,  C.E.,         .  1887. 

Box  1609,  New  York  City. 

Rhodes,  Francis  Bell  Forsyth,  E.M.,  1874. 

National  S.  &  R.  Co.,  South  Chicago,  111.,  and  Quebec,  Canada. 
May,  1875.  to  December,  1876,  Surveying  Corps,  Coxe  Bros.,  Drifton,  Pa.    January, 
1877,  to  May,  1878,  Assistant  Superintendent,  South  American  Mining  Co.,  Venezuela. 
November,  1878,  to  .June,  1879,  Working  at  Lejid  Mine.  Canada.     October,  1879,  to 
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April,  1880,  Laborer,  Ontario  Mill,  Park  City,  Utah.  April,  1880,  to  July,  1881,  Assist- 
aDt  Superintendent,  Miiige  Furnace  C^.,  Utah.  August,  1881,  to  January,  1882, 
to  April,  188:i,  Assistant  Superintendent,  Tombstone  M.  and  M.  Co.,  Arisona.  May, 
1883,  to  December,  1883,  Su|)erintondent,  Ranisham  Smelting  Furnacse,  Idaho.  Jan- 
uary, 1884,  to  May,  1885,  Assistant  Superintendent,  Minge  Furnace  Co.,  Utah.  June, 
1885,  to  December,  18K5,  Foreman  of  Blast-furnace  Deiiartment,  Kansas  City  S.  and 
R.  Co.  October,  1886,  to  December,  1889,  Superintendent,  Chicago  Works,  Chicago 
and  Aurora  S.  and  R.  Co.  January,  1890,  to  date.  Superintendent  National  S.  and  B. 
Co.,  South  Chicago. 

Rhodes,  Robert  Dunn,  E.M., 1879. 

•      Box  2087,  New  York  City,  and  Box  720,  Quebec,  Canada. 

1879-80,  Foreman,  Germania  Smelting  Co.,  Salt  Lake  City,  1880-83,  Night  Fore- 
man, Ontario  Silver  Mining  Co.,  Park  City,  Utah.  18H2-83,  Superintendent,  Tomb- 
stone M.  and  M.  Co.  Reduction  Works,  Charleston.  1883^84,  Mill  Foreman,  St. 
Helena  C^ld  and  Silver  Mine,  Sonora.  1884-85,  Assistant  Su})erintendent,  Billing 
Smelter,  New  Mexico.  1885-86,  Assistant  Su}>erintendent,  Viola  M.  and  S.  Co.,  Idaho. 
1887-88,  Assistant  Suiterintendent,  Anglo-Mexican  Mining  (>>.,  Yedras,  Mexico.  1889 
-91,  General  Superintendent,  Duquesne  M.  and  R.  Co.,  and  Sierrita  Co.,  Arizona. 

Rice,  George  Samuel,  Jr.,  E.M., 1887. 

Whitebreast  Fuel  Co.,  Ottumwa,  Towa. 
1888,  Assistant    Field   Engineer,  Colorada  &  Utah    Railway.     1888  89,  Assistant 
Mining  Engineer  of  Colorado  Fuel  C-o.   1890  to  date,  Mining  Engineer  of  Whitebreast 
Fuel  Co. 

Rich,  Jacob  Monroe,  E.M.,  C.E.  (Life  Member),    .        .     1883. 

50  W.  Thirty-eighth  Street,  New  York  City. 
Pursuing  further  studies  since  graduation. 

Richardson,  John  Clarence, *E.M.,  C.E.,      .        .  1883. 

62  Nassau  Street,  New  York  City. 

RicKE'iTs,  Pierre  dePeyster,  E.M.,  Ph.D.,  .        .        .     1871. 

Professor,  Assaying,  Columbia  College,  School  of  Mines,  and  115  E. 
Seventy-ninth  Street,  New  York  City. 
1868,  Assistant,  General  Chemistry,  Columbia  College.  1871-72,  Assistant  in  Min- 
eralogy and  Metallurgy,  School  of  Mines.  1872-75,  Assistant  in  Assaying,  School  of 
Mines.  1875-80,  Instructor  in  Assaying,  School  of  Mines.  1886  to  date,  I^fessor  of 
Assaying,  School  of  Mines.  Since  graduation  also  engaged  in  general  Metallurgical, 
('hemical  and  Mining  Engineering  work. 

RiusDALE,  Thomas  Weddle,  E.M.,        ....    1883. 

H.  R.  Worthington,  145  Broadway,  New  York  City,  and  155  Oates 
Avenue,  Brooklyn,  N.  Y. 
Assistant  Snperintendent  of  the  Ruby  Durango  Mine,  and  Wilder-Maodonald  Con- 
centrating Mill  to  1884.    Superintendent  of  the  Wilper-Macdonald  Mill,  1884.    From 
1888  with  the  Worthington  Pumping  Engine  Co.    From  June,  1889,  as  Secretary  of 
the  Co. 

RiOGS,  George  Washington,  Ph.B.,       ....     1871. 

Ridgefield,  Conn. 

RoESER,  Frederick,  B,S.,  E.M., 1884. 

Kootenay  Smelting  Co.,  E^velstoke,  British  Columbia. 

Rolker,  Charles  M.,  E.M.  (Life  Member),    .        .        .     1875. 
18  Broadway,  New  York  City. 
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1868-70,  At  Boyal  School  of  M:ine8,  Glaasthal,  Germany.  1871-72,  Working  practi- 
cally in  Iron  Mines  of  Hibernia  and  Mt.  Pleasant,  N.  J.,  Wisconsin  Lead  Mines  and 
Iron  Mines  of  Lake  Superior.  1872-75,  At  School  of  Mines,  Columbia  College.  1876, 
Aasayer  at  Allouez  Oopper-dressing  Works,  Lake  Superior.  1877,  Mining  Engineer 
to  the  Mariposa  Land  and  Mining  Co.,  Mariposa  Co.,  Cal.  (Gold).  1878,  Su^terintend- 
ent,  Brooklyn  Company.  Washoe  Co.,  Nevada  (Base  Metal).  1879,  Superintendent, 
Stormont  Silver  Co.,  Silver  Reef  (Silver).  1880-82,  General  Manager,  Chrysolite  S. 
Mg.  Co.,  Leadville,  Colo.  (Lead  Carbonates).  Since  then  to  date,  in  General  Con- 
sulting Practice  as  Mining  Engineer  and  Metallurgist^  Examining  Mines,  Mills  and 
Placers,  in  the  United  States,  Old  Mexico,  Centxal  America.  South  America  and  East 
Indies.    Specialty,  Precious  and  Base  Metals  other  than  Iron. 

Rood,  Roland  Gouvbrneur,  Ph.B.,       ....     1884. 

Care  Prof.  O.  N.  Rood,  Columbia  College,  New  York  City. 

Rowland,  Charles  Bradley,  C.E.,       ....     1884. 

Continental  Iron  Works,  Brooklyn.  N.  Y..  and  329  Madison  Avenue, 
New  York  City. 

Rowland,  Georoe,  C.E.,  1887. 

Continental  Iron  Words,  Brooklyn,  N.  Y. ,  and  329  Madison  Avenue, 
New  York  City. 
Rupp,  Philip,  Ph.B.,  M.D., 1884. 

63  Seventh  Street,  New  York  City. 
1884-87,  Stadent  in  Medicine,  College  of  Physicians  and  Surgeons,  N.  Y.    1887-88, 
House  Physician  and  House  Surgeon,  St.  Francis  Hospital,  N.  T.    1888  to  date,  Prac- 
ticing Physician. 

RUTTMANN,  FerdinanDj  Jr.,  E.M.,  ....     1880. 

35  Broadway,  New  York  City. 

Ryon,  Augustus  Header,  E.M., 1886. 

Prof.  Engineering,  College  of  Montana,  Deer  Lodge,  Mont. 
1886-87,  Assistant  Engineer  on  New  London  Water  Works.    Assistant  in  Metal- 
lurgy, School  of  Mines,  Columhia  Ck>llege.    1887-88,  Assistant  to  F.  N.  Owen,  Civil 
and  Sanitary  Engineer,  New  York  City.    1888-91,  Professor  of  Engineering  and  Min- 
ing, School  of  Mines,  College  of  Montana,  Deer  Lodge,  Mont. 


s. 

Sage,  Edward  Eugene,  C.E.  (Life  Member),  .  1877. 

United  States  Assay  Office,  30  Wall  Street,  and  77  Hillside  Avenue, 
Orange,  N.  J. 
I  have  been  connected  with  this  office  since  February,  1879,  and  have  consequently 
no  outside  experience  except  in  electricity,  being  President  of  the  Essex  County 
Electric  Co.,  of  Orange,  N.  J.,  and  in  Analytical  Chemistry. 

Sandb,  Ferdinand,  A.B.,  Ph.B., 1882. 

Drags  and  Assaying  Supplies,  Box  1172,  Butte,  Mont. 
ScHERMERHORN,  FREDERICK  AUGUSTUS,  E.M.  (Life  Mem- 
ber),            1868. 

41  Liberty  Street,  and  61  University  Place,  New  York  City. 

ScHiEFPELiN,  William  Jay,  Ph.B.,  Ph.D.,     .        .  1887. 

242  E.  Fifteenth  Street,  New  York  City. 
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Schneider,  Albert  Francis,  E.M.,  C.E.,  .        .    1876. 

iSt.  Louis  Smelting  and  Refining  Co. ,  Box  504,  St.  Louis,  Mo. 
1876-1877,  Iq  Europe  visiting  Smelting  ami  Dressing  Works.  1878,  Chemist  and 
Assayer  Germauia  S.  and  R.  Co.,  Salt  Lake  City,  Utah.  187!),  Foreman,  Assistant  and 
Superintendent  Germauia  S.  and  R.  Co.,  Salt  Lake  City,  Utah.  1880-'83,  Superin- 
tendent Germania  S.  and  R.  Co.,  Salt  Lake  City,  Utah.  1883-'85,  Superintendent  G. 
Billing  Smelting  Works.  Socorro,  N.  M.  1885-'87,  Superintendent  Kansas  City  S.  and 
R.  Co.,  Argentine,  Kansas.  1887,  Connected  with  the  Rio  Grande  S.  Co.,  Socorro,  N. 
M.  1887  to  date.  General  Manager  St.  Louis  S.  and  R.  Co.,  St.  Louis,  Mo.  Specialties. 
Concentration  and  Dressing  of  Ores.  Metallurgy  of  Silver- Lead  Ores.  Refining  bul- 
lion. 

Schumann,  Charles  Henry,  C.E.,         ....     1888. 

And  12  Second  Street,  New  York  City. 
1888.  May,  1890,  Assistant  Engineer  Chesapeake  and  Ohio  Railway  Co.,  (Cincinnati, 
charge  of  Real  Estate,  Right  of  Way  and  Track  and  Construction  work.  May  to  Au- 
gust, 1890,  Assistant  Engineer  to  H.  Alber,  C.  K.,  Birmingham,  Ala.,  General  Engi- 
neering. August,  1890  to  March,  1891,  Assistant  Engineer  Chesapeake  and  Ohio 
Railway  Co.,  charge  of  subdivision  of  Town  of  West  Clifton^  Forge,  Va.,  and  Right  of 
Way  on  line  of  road. 

Selioman,  Joseph  Guy,  E.M., 1887. 

Mining  Superintendent,  Helena,  Mont,  and  69  W.  Ninety-fifth  Street, 
New  York  City. 

Share,  William  Waldemar,  Ph.B.,  Ph.D.,  .        .        .     1881. 

Adelphi  Academy,  and  331  McDonough  Street,  Brooklyn,  N.  Y. 
1881,  Superintendent  Columbia  Chemical  Works,  Brooklyn,   N.  Y.     1881  to  1888, 
Assistant  Physics,  Columbia  College.     1888.  Consulting   Electrician.  Department  of 
Public  Parks,  Brooklyn,  N.  Y.     1889  to  date,  Professor  of  Chemistry,  Adelphi  Acad- 
emy, Brooklyn,  N.  Y. 

Shriver,  Henry  Tower,  Ph.B., 1888. 

T.  Sbriver&Co.,  333  E.  Fifty-sixth  Street,  and  686  Park  Avenue, 

New  York  City. 
In  Iron  Foundry  and  Works,  as  above  since  graduation. 

Shumway,  Willard  Adams,  A.B.,  A.M.,  E.M.,  .     1882. 

351  W.  Fifty-sixth  Street,  New  York  City. 

SiMONDS,  Francis  May,  E.M.,  Ph.D.,      ....     1887. 

Assistant  in  Assaying,  Columbia  College,  School  of  Mines,  and  147  E. 
Thirty-fourth  Street,  New  York  City. 

Singer,  Gf/)rge,  Jr.,  E.M., 1880. 

78  Fourth  Avenue,  Pittsburgh,  Pa. 

Singer,  George  Harton,  E.M., 1880. 

Singer,  Nimick  &  Co.,  and  17  Park  Street,  Allegheny,  Pa. 

Skinner,  Elmer,  C.E., 1891. 

227  Cumberland  Street,  Brooklyn,  N.  Y. 

Slack,  Charles  GrODDARD,  E.M., 1884. 

Marietta,  Ohio. 

Slade,  Richmond  Edward,  Ph.B.,  ....     1887. 

White  Plains,  N.  Y, 
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1887t  Assistant  Superiutendent  United  Gas  Improveoieut  Co.,  Yonkers,  N.  Y., 
Plants.  1888,  Superintendent  Gas  Department,  Asheville  (N.  ('.),  Light  and  Power 
(V».  1889,  Superintendent  Gas  and  Electric  Plants,  Citizens'  GtuB  Light  Co.,  Jackson, 
Tenn.  December,  1889  to  date,  Secretary,  Superintendent  and  Trustee  Citizens  Gas 
and  Electric  Co.,  White  Plains,  N.  Y. 

Smith,  Augustus,  A.B.,  C.E., 1889. 

49  Dey  Street,  and  460  W.  Forty-Fourth  Street,  New  York  City. 
Summer  of  1886,  Land  Surveying  (in  charge  of  Party).    July  and  November,  1889, 
Draughtsman,  Link  Belt  Engineering  Co.,  Nicetown,  Phila.    November,  1889  to  date, 
Chief  Draughtsman,  Link  Belt  Engineering  Co.,  49  Dey  Street,  New  York  City. 

Smith,  Frank  Marshall,  E.M., 1889. 

Colorado  Smelting  Co. ,  Pueblo,  Colo. 
1889-1890,  On  the  United  States  Geological  Survey,  engaged  in  hydrographic  work 
on  the  Irrigation  Survey  and  triaugulation  on  the  Topographic  Survey,  in  Idaho  and 
Owgon.    1891,  Assay er  Colorado  Smelting  Co.,  Pueblo,  Colo. 

Smith,  Francis  Pitt,  Ph.B., 1888. 

42  Bleecker  Street,  and  24  E.  Twenty-third  Street,  New  York  City. 
Analytical  Chemist  in  Leather  trade,  1888-'89.    Superintendent  Chemical  Works, 
Wm.  H.  Swift  &  Co.,  East  Boston,  Mass.,  1889-'90.  Consulting  Chemist,  Dening  &  Logan , 
.'i8  William  Street.  1890.     Assistant  Chemist  New  York  City  Health  Department,  42 
Bleecker  Street,  1890  to  date.    Specialty,  Chemical  Mechanics. 

Smith,  Lenox,  A,B.,  A.M.,  E.M.  (Life  Member),      .         .     1868. 
31  Pine  Street,  New  York  City. 

Smith,  Maxwell,  C.E., 1880. 

Adon  Smith,  8  Bridge  Street,  New  York  City. 

Smith,  William  Allen,  E.M., 1868. 

School  of  Mines,  Columbia  College. 

Smyfh,  Charles  Henry,  Jr.,  Ph.B.,      ....     1888. 

Department  of  Natural  History,  Hamilton  (/ollege,  Clinton,  N.  Y. 

Sn(X3K,  Thomas  Edward,  E.M., 1884. 

"  Architect,  12  Chambera  Street,  New  York  City. 
Of  firm  John  B.  Smith  &  Sons,  Architects. 

Spooner,  Allen  Newhall,  C.E., 1886. 

Department  of  Docks,  Pier  A,  North  River,  New  York  City,  and  186 

Carteret  Avenue,  Jersey  City,  N.  J. 

July,  1886  to  August,  1887,  Rodman  and   Draughtsman,  Penn  R.R.,  Jersey  City. 

August,  1887  to  May,  1890,  Hydrographer  Department  Docks,  New  York  City.     May, 

1890-1891  to  present  time,  Assistant  Engineer  Department  Docks,   New  York  City. 

Specialty,  Railroad  Engineering.  River  and  Harbor  Engineering. 

Stanton,  Frank  McMillen,  E.M 1887. 

Superintendent  Atlantic  Mine,  Houghton  Co.,  Mich. 
1887-1888,  Superintendent  Pro  tern  (>^ntnil   Mine  Mich.     1888-1889,   Engineer  At- 
lantic. Mine,  Mich.     1889  to  date,  Superintendent  Atlantic  Mine,  Mich. 

Starek,  Emil,  LL.B.,  LL.M.,  E.M.,        .         .         .         .     1885. 

United  States  Patent  Office,  Washington,  D.  C. 
1885-1887,  Assistant  in  United  States  Geological  Survey.     1887  to  date,  Assistant 
Examiner  United  States  Patent  Office,  Washington,  D.  C. 
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Starr,  Chandler  Dannat,  C.E., 1881. 

Address  unknown. 

Staunton,  John  Armitaoe,  Jr.,  E.M.,  A.B., .        .        .    1887. 

Gen.  Theo.  Sem.,  New  York  City,  and  858  President  Street,  Brooklyn, 

N.  Y. 
1887-88,  Instrnctor  in  Mathematica,  Rochester,  N.  Y.    1888-90,  Student  in  Har- 
vard University.    1890-91,  Student  in  the  General  Theolojcical  Seminary,  N*.  T. 

Staunton,  William  Field,  E.M., 1882. 

Superintendent  Tombstone  Mill  and  Mining  Co.,  Tombstone,  Arizona. 
1882,  Assayer  and  Assistant  Superintendent  Vermont  Copper  Co.,  Ely,  Vt  1882, 
Assayer  and  Accountant  Dunn  Mt.  Gold  Mine,  Salisbury,  N.  C.  1883,  Assayer  Le- 
doux  &  Ricketts.  N.  Y.  1883,  Constructing  Engineer,  C.  M.  and  R.  Co.,  N.  Y.  1883, 
Assistant  to  Manager  of  Mills  and  Smelter  of  T.  M.  and  M.  Co.,  Tombstone,  Arizona. 
1884,  Consulting  Engineer,  N.  Y.  1884,  Mining  Engineer,  for  T.  M.  and  M.  Co.,  Tomb- 
stone, Arizona.  1890,  to  date,  Superintendent  Tombstone  Milt  and  Mining  Co., 
Tombstone,  Arizona.    Specialty,  Gold  and  Silver  Mining  and  Metallurgy. 

Stearns,  Thomas  Beale,  E.M., 1881. 

Mining  Machinery,  4  Dack  Block,  Box  1545,  Denver,  Colo. 

Stevens,  Alexander,  C.E., 1887. 

Box  37.  Hoboken,  N.  J. 

Stone,  Oborqe  Cameron,  Ph.B., 1879. 

New  Jersey  Zinc  and  Iron  Company,  Newark,  N.  J. 
1879,  Chemist,  Booth  <&  Edgar  Sugar  Refinery.    1879-82,  Chemist  with  Potter  A 
RiggBf  St.  Louis,  Mo.    1882-91,  with  New  Jersey  Zinc  and  Iron  Company,  Newark, 
N.  J.,  first  as  Chemist;  since  1884,  as  Superintendent  Blast-Furnaces. 

Struthers,  Joseph,  Ph.B 1886. 

Tutor  in   Metallurgy,  Columbia  College  School  of  Mines,  and   624 
East  One  hundred  and  thirty-sixth  Street,  New  York  City. 
1885-88,  Fellow  in  Mineralogy.    1880-90,  Assistant  in  Mineralogy  and  Metalluriry 
1891,  Tutor  in  Metallurgy  Columbia  College,  School  of  Mines. 

Stuart,  William  Henry,  C.E., 1886. 

Grammercy  Park  Hotel,  New  York  City. 
1886,  on  railway  surveys  in  Minnesota  and  Wisconsin  with  C.  B.  &  N.  R.R.  Co. 
1887-89,  Fellow  in  Engineering  and  Assistant  in  Summer  School  of  Surveying, 
School  of  Mines,  Columbia  College.  1889-90,  making  surveys  and  superintendiuR 
construction  at  the  Hudson  River  State  Hospital,  Ponghkeepsie,  N.  Y.  1890,  on  sur- 
veys in  the  West  Indies. 

SuTER,  George  Augustus,  E.M., 1883. 

Baker,  Smith  &  Co.,  Houston  Street  and  South  Fifth  Avenue,  New 
York  City,  and  206  Marcy  Avenue,  Brooklyn,  New  York. 

Swain,  Alfred  Ernest,  E.M., 188 J. 

Santa  Lucia,  Sinaloa,  Mexico,  and  902  Prosj>ect  Street,  Cleveland,  (). 

1KS1 -84,  railroad  work  in  Mexico.     18H6-8H,  (Mty  Knj^ineer'K  Department,  KaiiSHS 

City,  .Vfo.,  in  charge  of  sewer  work.     1889  to  date,  mining;  work  in  Mexi<!0.     Present, 

SiiperinteudantSan  Buenaventura  Mining  Coinp my,  Santa  Lucia  Sinaloa.  Mexico, 

via  Mnzatlan  and  Panua. 
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T. 
Terhune,  Ricoard  Henry,  E.M., 1870. 

General  Superintendent  Hananer  Smelting  Works,  Salt  Lake  City, 
Utah. 
1870,  Assistant  to  late  J.  W.  Foster,  geolo^cy  of  coal  fields,  Indiana.  1871,  Qriswold 
Steel  Works,  draaghting,  blowing  steel,  etc.  1872-77,  Joliet  Steel  Company,  draught- 
ing, inspecting  steel  rails  and  exploration  of  Callaway  County,  Missouri,  for  coal 
and  iron.  1877-80.  Superintendent  and  Assistant  Superintendent  Smelting  Works 
in  Utah.  1880-91,  General  Superintendent  Hanauer  Smelting  Works,  Utah.  Spe- 
cialty, construction  and  operation  of  lead  smelting  works. 

Thacher,  Arthur,  C.E.,  M.E., 1877. 

Washington  University,  and  1227  Spence  Street,  St.  Louis,  Mo. 
1878-79,  with  Progress  Manufacturing  Company,  Trimfo,  Lower  California,  Mexico. 
1879-83,  Southern  .irisona  and  Northern  Mexico  Mining  and  Milling.  1883-87, 
office  in  New  York.  Examining  and  reporting  on  mines  and  mills.  1887  to  date, 
with  Professor  W.  B.  Potter,  at  St.  Louis  Sampling  and  Testing  Works  and  Washing- 
ton University.  Lecturing  on  Metallurgy.  Testing  ores,  etc.  Examining  and  re- 
porting on  mines  and  mills. 

Thomas,  Frederick  Mavhew,  E.M.,      ....    1885. 

and  Box  204,  Skaneateles,  N.  Y. 
Leveller  (Instrument  man,  etc.),  on  New  York  State  duals,  from  September,  1887 
to  November,  18S9  (position  resigned).     Transit-man  and  leveller  on  preliminary 
railroad  survey  in  Schoharie  County,  in  spring  of  1890.    Transit-man  and  leveller  on 
Syracuse  water  works  during  the  winter  of  1890-91. 

Thompson,  Henry  Clark,  C.H, 1886. 

Lorillanl  Place,  and  One  hundred  and  eighty-seventh  and  One  hun- 
dred and  eighty-eighth  Streets,  New  York  (.ity. 

TiBBALS,  George  Atwater,  C.E., 1883. 

(\)ntinental  Iron  Works,  and  14S  Milton  Street,  Brooklyn,  N.  Y. 

1883  to  dat4\  as  altove. 

TiBBAi^,  Samuel  Gay'lord,  C.E., 1884. 

Continental  Iron  Works,  ami  14S  Milton  Street,  Brooklyn,  N.  Y. 

1884  to  date,  as  ahovo. 

TiLDEN,  George  Cyrus,  C.E., 1876. 

State  School  of  .Mines,  (rolden,  (/olo.,  and  310  Clo.sson  Avenue,  Brook- 
lyn, N.  Y. 
1876-80,  (^ity  Surveyor,  Brooklyu,  N.  Y.  IH80  81,  Supt'rintendent  DuuderberK 
Mining  Company,  Gi^orKetown,  CdIo.  lHSl-82,  (/hemist  and  Assayer,  Denver,  (^lo. 
1882  to  date.  Professor  Analytical  Ciiomistry  State  Scliool  of  Mines,  Golden,  Ck)lo. 
18B1  to  date.  Consul  ting  Pr<vctice  as  Mining  Engineer.  Specialty,  Analytical  Chem- 
istry and  Assaying. 

Titus,  Warren  Harriott,  E.M., 1885. 

Assisting  Sanitary  Engineer  New  York  Board  of  Health,  and  Whit«- 
stone,  N.  Y. 

T0NNEL6,  Theodore,  Ph.B  , 1880. 

West  Dewees,  Wood  (county,  McKeesport,  Pa. 

ToRRBY,  Charles  Herbert,  PilB.,        ....     1880. 

Waldemar  Strasse,  64  A,  Berlin,  Germany. 
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1880-83,  Assistant  in  Qualitative  Laboratory,  School  of  Mine«.  1883-85,  teaching 
in  New  York  Institute  for  Improved  Instruction  to  Deaf  Mutes,  New  York  City. 
1885-87,  in  the  employ  of  the  DuBois  Manufacturing  Company  of  New  York,  in  their 
branch  in  London.  1887  to  present,  managing  German  branch  of  BuBois  Manufac- 
turing Company,  at  above  address  in  Berlin. 

Tower,  Albert  Edward,  E.M.,      .  .        .     1883. 

Pougbkeepsie  Iron  Company,  Poughkeepsie,  N.  Y. 

Tower,  Frederic  Wetherwax,  E.M.,  ....     1887. 

Assistant  Examiner,  Room  223,  Patent  Office,  Washington,  I).  C 
1888  to  date,  as  above. 

Traphagbn,  Frank  Weiss,  Ph.B.,  Ph.D.,  .     1882. 

Professor  Analytical  and   Applied  Chemistry,  College  of  Montana, 

Deer  Ijodge,  Montana. 
18a'}-84,  Chemist  for  Williams,  Clark  &  Co.,  Fertilizers.  1884-87,  Instructor  in 
Chemistry  and  Physics,  Staunton  Military  Academy,  Staunton.  Va.  1887,  Professor 
of  General,  Analytical  and  Applied  Chemistry  and  Assaying  in  the  College  of  Mon- 
tana and  Montana  School  of  Mines.  1884-87,  Analytical  and  Consulting  Chemist, 
Staunton,  Va.  1887,  Principal  work,  fertilizer,  iron  and  steel,  clays,  etc.  Analytical 
and  consulting  Chemist  and  Assayer,  Deer  Lodge,  Mont.  Assaying,  miscellaneous 
analysis  and  legal  work.  1890,  Assayer  for  the  Champion  Consolidated  Mining  Ccmi- 
pauy,  Deer  Dodge,  Mont. 

Trask,  George  Francis  Donnell,  E.M.,       .        .        .     1887. 
L.  &  N.  R.   R.   Co.,  409  Hamilton  Street,  Mobile,  Ala.,  and  New 
Brighton,  N.  Y. 
1888-90,  Apprentice  and  Machinist,  L.  &  N.  Railroad.    1890-91,  Draughtsman,  L.  & 
N.  Railroad,  Louisville. 

Tusk  A,  Gustav  Robitscher,  B.S.,  C.E.,  1891. 

Link-Belt  Engineering  Co.,  Nicetown,  Philadelphia,  Pa. 

TurrLE,  Edgar  Granger,  K.M., 1881. 

Box  109,  Kagle  Pass,  Texas,  and  San  Felipe,  Coahuila,  Mexico. 
1881,  Assistant  Engine,er,  Tilly  Foster  Iron  Mine,  Brewster,  N.  Y.  1881-82,  Divi- 
sion Engineer,  Wheeling  &  Lake  Erie  R.  R.,  Toledo,  O.  188*2-8.3,  Assayer  and  Mining 
Engineer.  Silver  (Mty,  New  Mexico.  188:^-85,  Division  and  Office  Engineer,  Arizona 
&  New  Mexico  Railroad,  T^rdshurgh,  Arizona.  1K85,  Constructing  EngincH^r  at  Minos, 
Arizona  Copper  Co.,  Clifton  Ariztma.  1885-HJ),  Mining  Engineer,  Cambria  Iron  Co., 
Johnstown,  Pa.  1889  to  date.  Superintendent,  Alamo  i\>&\  Co.,  and  Coahuila  Coal 
Ct>.,  San  Felipe,  (Joahuila,  Mexico,  or  Box  109,  Eagle  Pass.  Texas. 

TuTTLE,  William  Wey,  E.M., 1867. 

Farm  and  I^oan  Agent,  Springfield,  Mo. 

Tyler,  Walter  Lincoln,  C.E., 1887. 

116-120  Front  Street,  and  1.314  Pacific  Street,  Brooklyn,  N.  Y. 
1887,  Levelman  and  Transitman  on  the  Roanoke  &  Southern  Railroad,  Va.     1888, 
With  J.  A.  lAtham,  C.E.,  Providence,  R.  I.    1H8H-89,  With  F.  N.  Owen,  E.M.,  Sanitary 
Engineer,  New  York  City.     1889  to  the  present  time,  Witli  The  A.  B.  Seie  Manufac- 
turing Co.,  llH-1'20  Front  Street,  Brooklyn. 

V. 
V^ALUE,  Beverly  Reid,  E.M., 1884. 

Engineer,  Aciueduct  Dept.,  Box  12,  Tarry  town,  N.  Y. 
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Vanderpoel,  Frank,  E.M., 1876. 

Chemist,  Celluloid  Mfg.  Co.,  Box  55,  and  191  Roseville  Avenue,  New- 
ark, N.  J. 
1875-78,  Salesman,  with  E.  B.  Bepjamiii.    1878  to  date,  as  above. 

Van  Arsdale,  William  Henry,  A.B.,  A.M.,  E.M.,  1868. 

Vice-President,   Chicago  and  Aurora  Smelting    and    Refining  Co., 
Chicago,  111. 

Van  Blaroom,  Elbert  Champlin,  C.E.,        .  1876. 

Hidalgo,  Mexico,  Care  H.  de  San  Francisco  Pachuca,  and  Stat«  Min- 
ing Bureau.  Box  2085,  San  Francisco,  Cal. 

Van  Cortlandt,  Edward  Newenham,  E.M.,        .  1886. 

Assistant  Engineer,  Darien  Oold  Mining  Co.,  Ltd.,  (kna,  U.  S.  Col- 
ombia, S.  A. ,  and  Pelham  Manor,  N.  Y. 

Van  Dyck,  Edwin,  Ph.B., 1888. 

5  Spencer  Place,  Brooklyn,  N.  Y. 

Van  Sinderen,  Alvan  Howard,  Ph.B.,        .  .     1881. 

Patent  Lawyer,  15  Broad  Street,  and  80  E.  Washington  S(|uare,  New 
York  City. 

Van  Volkenbuugh,  Edward,  Jr.,  C.E.,        .        .        .     1888. 

Adams,  Mass, 
Van  Waqenen,  Theodore  Francis,  E.M.,    .         .  1870. 

Consulting  Engineer,  1927  Grant  Avenue,  Denver,  Colo. 
VoLCKENiNG,  GusTAV  JuLius,  Jr.,  Met.  Eng.,  E.M.,      .     1888. 
658  Lafayette  Avenue,  Brooklyn,  N.  Y. 

VoNDY,  Rudolph  Harrison,  E.M.,         ....     1882. 

Chemist,  Phoenix  Iron  Works,  Phoenixville,  Pa. 
1882-83,  Assistant  Engiueer,  Tilly  Foster  Iron  Mine.     1885  to  date,  as  above. 

Von  Nardrofp,  Ernest  Robert,  E.M.,  .        .        .     1886. 

485  Carlton  Avenue,  Brooklyn,  N.  V. 

ViTiTf:,  Hermann  T.,  Ph.B.,  Ph.  D.,       .        .        .        .     1881. 

A»*i»tant  in  Quantitative  Analysis,  School  of  Mines,  New  York  (^ity, 
and  New  Rochelle,  N.  Y. 
1881-2,  Superintendent  (Jolumbia  Chemical  Works,  Brooklyn,  N.  Y.     1883-91,  As- 
sistant Instructor  in  Analytical  Cheniiatry,  School  of  Mines.     Engaged  in  investigat- 
ing new  Analytical  MetluKls.     Specialty,  Conjinercial    Organic  Analysis,  Expert  in 
Oils,  Fats,  Soap,  etc. 

w. 

Wainwright,  John  Howard,  Ph.B.,     ....     1882. 

Chemist,  4<)2  Washini^ton  Street,  New  York  (yity. 

Walbridge,  Augustus  Clark,  C.E.,  E.M.,     .        .        .     1876. 

Builder,  Room  21,  121  Broadway,  New  York  City. 

Walker,  Arthur  LuciEN,  E.M., 1883. 

Old  Dominion  Copper  Co.,  (jlobe,  Arizona,  and  Lock  Box  50,  Morrin- 
town,  N,  J. 
1883-84,  Chemist  and  Assayer,  Old  Dominion  Copper  Co.,  Globe,  Arizona.     1885. 
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Assistant  Superintendent  of  same  Co.  1888,  Engaged  in  connection  with  Iron  Metal- 
lurgy in  New  York  City.  1887,  Mechanical  Engineer  for  Silver  King  Mining  Co., 
Silver  King,  Arizona.  1888-89-90,  and  at  present,  Superintendent,  Old  Dominion 
Copper  Co.,  Globe,  Arizona.  Also  report  on  all  claaaes  of  Mining  and  Metallurgical 
Property  in  Arizona. 

Wallace,  William  Jefferson,  Ph.B.,  .        .        .     1886. 

Architect,  Whitestonn,  N.  Y. 

Waller,  Elwyn,  A.B.,  A.M.,  E.M.,  Ph.D.,   .        .        .     1870. 

Prof.  Analytical  Chemistry,  Columbia  College,  Sehool  of  MiDes,  New 
York  City. 

Wampold,  Leo,  Ph.B., 1888. 

204  Monroe  Street,  Chicago,  HI. 

Ward,  Delanoy  Walton,  Ph.B., 1888. 

Whitestone,  N.  Y. 

Ward,  Norbbrt  Reillieux,  E.M.,         .        .  1882. 

5  W.  Twenty-seventh  Street,  New  York  City. 

Warner,  Joseph  Lowrey,  E.M., 1887. 

Warner  &  Warner,  Second  and  Cherry  Streets,  Room  20  and  21, 
Seattle,  Wash. 
August,  18H7,  to  AugURt,  1888,  Omaha  and  Grant  Smelter,  Denver,  AsBistant 
Assayer.  August,  188H,  to  July,  1889,  Examination  of  and  Reports  on  Mines  in 
Cob  ur  d'Almes,  Idaho,  and  in  O'Kanagan  Mining  District,  Washington.  Maoa^r, 
La  Bellevue  Mine,  same  district  July,  1889,  to  January,  1890,  AsaiafcanC  Stt^rin- 
tendent  and  Amalgamator,  Golden  Monarch  Mine,  Oregao.  JiiAttary,  1890,  to  date. 
Examination  and  Reports  on  Mines  in  Western  WMhhigton.  Manager,  Culver  Min- 
ing C/O.  and  V.  P.  Vermilion  Inan  Co. 

Watson,  Frederick  Morgan,  E.M.,      .  .  1885. 

R.  J.  &  William  Frecheville,  33  Broad  Street  Avenue,  London,  E.  C. , 
and  403  Sibley  Street,  Cleveland,  O. 
18K>,  Assayer  and  Surveyor,  La  Maria  Mining  Co.,  Mexico.  1886-89,  Engineer, 
Mill  Superintendent,  Sombrerete  Mining  Co.,  Mexico.  Concentration  and  Lixivia- 
tion.  1890,  Engineer  for  Peru  Exploration  Syndicate,  Ltd.,  Peru.  1891  to  date.  Exam  - 
ining  Engineer  for  Frecheville  Bros.  Special  Experience  in  Boasting  Rebellious 
Ores.     Lixiviation  by  Ru&sell  Process. 

Weed,  Walter  Harvey,  E.M., 1883. 

IJ.  S.  Geological  Survey,  Washinerton,  D.  C. ,  and  care  S.  R.  Weed, 

South  Norwalk,  Conn. 
1883  to  date,  Geologist  on  the  U.  S.  Geological  Survey.  1883-89,  general  geology 
of  the  Yellowstone  National  Park,  especially  of  sedimentary  rocks,  with  examina- 
tions of  the  adjacent  raining  regions.  1890,  structural  and  economic  geology  of  the 
country  north  of  the  Yellowstone  Park,  with  special  studies  of  the  coal-fields  of 
Montana.  Specialty,  economic  and  stratigraphic  geology.  Publications:  *' A  Deadly 
(fas-spring  in  the  Yellowstone  National  Park." — Science.  "The  Diatom -beds  and 
Marshes  of  the  Yellowstone  National  Park."— /?of.  (iazetie.  "  The  Formation  of  Hot 
Spring  Deposits." — Ninth  Annual  Report  of  the  Director  U.  S.  Geological  Survey. 
"  Geysers."— School  of  Minks  Quarterly.  *'*Notes  on  the  Coal-Fields  of  Mon- 
tana."— School  of  Minks  Quartkrly.  "  The  Cinnabar  and  Bozeman  Coal-Fields 
of  Montana." — Bulletin  Geological  Society  of  Americaj  and  other  papers. 
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Webkes,  Edward  Ferris,  E.M., 1889. 

Room  49,  Department  City  Works,  and  53  New  York  Avenue,  Brook- 
lyn, N.  Y. 
Entered  Department  of  City  Works,  June,  1889,  as  an  Assistant  Engineer.    At 
present,  Engineer  in  charge  of  Granite  Repaying  Borean. 

Weeks,  William  Huey,  Ph.B., 1889. 

42  Bleecker  Street,  and  789  Madison  Avenue,  New  York  City. 
1889-90,  Aasistant  Chemist  New  York  Chemical  Manufacturing  Company.    April, 
1890,  to  date,  Assistant  Chemist  Health  Department,  New  York  City. 

Wells,  James  Simpson  Chester,  Ph,B.,  Ph.D.,  .    1875. 

Columbia  College,  School  of  Mines,  New  York  City,  and  Hackensack, 
N.J. 
1875-79,  Assistant  in  Quantitative  Analysis,  School  of  Mines.    Vacation  of  1877, 
spent  as  Night  Superintendent  Pennsylvania  Lead  Works.    1879-91,  Instructor  in 
Qualitative  Analytical  Chemistry,  School  of  Mines. 

Wels,  Paul  Oscar,  B.S.,  E.M., 1887. 

2113  Madison  Avenue,  New  York  City. 

Wendt,  Arthur  F.,  E.M.,  C.E.,  Ph.D.,  ....     1872. 

Antofagasta,  Chili,  S.  A. ,  and  127  East  Ninety-first  Street,  New  York 
City. 

Wertheimer,  Lewis,  Ph.B., 1887. 

Western  and  Bedwell  Streets,  Allegheny  City,  Pa. 

Wheeler,  Herbert  Allen,  E.M.,        ....     1880. 

Washington  University,  St.  Louis,  Mo. 
During  1880,  Assistant  Geologist  in  Utah,  on  U.  S.  Qeological  Survey.  During 
1881,  Assistant  Engineer  Denver  and  Rio  Grande  Western  Railroad,  in  Utah  and 
Colorado,  on  location  and  construction.  During  1832,  Superintend— t  Vanaoiit  Cop- 
per Company,  Ely,  Vermont.  From  1883  to  date,  at  Washington  University,  St.  Louis ; 
Adjunct  Professor  of  Mining;  also  Consulting  Mining  Engineer. 

Wheeler,  Moses  Dillon,  A.B.,  E.M.,    ....     1868. 

Box  539,  Stapleton,  S.  I. ,  N.  Y. 

White,  William  Sherp,  E.M., 1882. 

Pier  A,  North  River,  Department  6f  Docks,  New  York  City,  and  368 
Fifth  Street,  Brooklyn,  N.  Y. 
Mining  Engineer  and  Chemist  of  Croton  Magnetic  Mine,  at  Brewsters,  N.  Y.     At 
present,  Charge  of  Surveying  on  the  East  and  Harlem  Rivers  for  the  Dock  Depart- 
ment, New  York  City;  have  been  there  since  October  1,  1887. 

Whitj/xjk,  Herbert  Percy,  C.E., 1889. 

Assistant  in  Mineralogy,  Columbia  College,  School  of  Mines,  and  449 
Park  Avenue,  New  York  City. 

WiECHMANN,  Ferdinand  G.,  Ph.B.,  Ph.D.,    .        .  1881. 

Instructor  in  Chemical  Philosophy  and  Chemical  Physics,  Columbia 
College,  School  of  Mines,  New  York  City. 
Consulting  (*hemist  American  Sugar  Refining  Co.,  Brooklyn,  N.  Y. 

Wiener,  William,  A.B.,  Ph.B., 1891. 

Care  of  Hanson  Van  Winkle  &  Co.,  219-221  Market  St„  Newark,  N.  J. 
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Williams,  Granville  Whittlesey,  E.M.,  C.E.,   .        .     1879. 

333  Genesee  Street,  Utica,  N.  Y. 

Williams,  John  Townsend,  E.M.,  Ph.B.,      .        .        .     1873. 

Williams,  Clark  &  Co.,  and  871  Madison  Avenue,  New  York  City. 

Willis,  Bailey,  E.M.,  C.E., 1878. 

U.  S.  Geological  Survey,  Washington,  D.  C. 
June,  1879,  to  July,  1881,  Special  Agent  Tenth  Census ;  sampler  of  iron-ores  and 
student  of  iron  deposits  in  States  east  of  the  Mississippi  river.  August,  1881,  to  June, 
1884,  Geologist  in  charge  of  Pacific  division  of  Northern  Transcontinental  Survey, 
chiefly  engaged  in  coal  explorations  in  Washington,  Oregon  and  Montana.  July, 
1884,  to  February,  1889,  Assistant  Geologist  U.  S.  Geological  Survey,  working  in 
Tennessee  and  North  Carolina.  March,  1889,  to  present  date,  April,  1891,  (Geologist  in 
charge  of  Appalachian  division,  U.  S.  Geological  Survey,  directing  work  and  studying 
geologic  problems  of  the  Palteossoic  rocks  south  of  Pennsylvania. 

Wilson,  Herbert  M.,  C.E., 1881. 

U.  S.  Geological  Survey,  Washington.  D.  C. 
1881-82,  Leveller  and  Transitman,  afterwards  Chief  of  Preliminary  party,  S.  &  D. 
R.K.,  Mexico.      1882-88,  Topographer  U.  S.  (Geological  Survey.     1889-90,   Division 
Engineer,  U.  S.  Irrigation  Surveys.     1891,  Geographer,  U.  S.  GeologioAl  Survey. 

Wii*soN,  William  Alexander,  E.M.,    ....     1882. 

IWk  City,  Utah. 
Asaayer  for  two  and  a  half  years.  Superintendent  of  Sampling  Mill  for  two  years. 
Superintendent  of  30-8tamp  Mill  (dry  crushing,  chloridizing,  amalgamating  and 
lixiviating,  capacity  sixty  tons  per  day)  for  five  years.  Specialty,  treatment  of  silver 
and  gold-ores  and  examining  and  reporting  on  mining  properties.  Superintending  of 
Mining  for  Milling  Oi.>erations. 

WiLTSiE,  Ernest  Abram,  E.M.,  .  1885. 

Gra.ss  Valley,  Cal. 
18a5-86,  Assistant  Chemist  Edgar  Thomson  Steel  Works,  Braddock,  Pa.  1886  to 
May,  1887,  C^hemist  Colorado  Coal  and  Iron  Company,  Pueblo.  Colo.  May,  1887, 
to  August,  1888,  (Jhemist  for  the  Globe  Smelting  and  Refining  Company,  Denver, 
Colo.  August,  1888,  to  April,  1890,  Assistant  Superintendent  North  Star  Mining 
Company,  Grass  Valley,  Cal.  April,  1890,  to  date.  Superintendent  Menio  Mines, 
(Trass  Valley,  Cal. 

WlTTMACK,  (JhARLFM  AUGUSTUS,  M.S.,  Ph.B.,  Ph.D.,  1882. 

313  P]a8t  Seventeenth  Street,  New   York  City. 

Wood,  George  Edward,  E.M.,  Ph.B.,    ....     1884. 

Architect,  m  William  Street,  and  37  West  Filly^Vmrth  Street,  New 
York  City. 

WcK)L80N,  Ira  Harvey,  E.M., 1885. 

Columbia  College  School  of  MineH,  New  York  City. 
lKH.'')-8(>,  Assistant  Geological  Survey  of  New  Jersey.     188<^>-87,  Assistant  Assay 
Department,  St^hool   of  Mines.      1887-89,   Assistant  Drawing    Department,   School 
of  Mines.     Present  position,  Instructor  Prai^ticAl  Mining  and  Drawing,  School   of 
Mines. 

Y. 

Young,  Edward  Leavitt,  E.M., 1882. 

Agent  Fra.Her  &  Chalmers,  257  West  One  hundred  and  thirty-second 
Street,  New  York  City. 
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HONORARY  MEMBERS, 


Chandler,  Charleh  F„  Ph.D. 

Professor  of  Cheinistiy,  School  of  Mines,  Columbia  College.     Address, 
51  East  Fifly-fourth  Street,  New  York  City. 

Egleston,  Thomas,  E.M.,  Ph.D. 

Professor  of  Mineralogy  and  Metallurgy,  School  of  Mines,  Columbia 
College.     Address,  35  West  Washington  Square,  New  York  (^ity. 

Fish,  Hamilton,  LLJ). 

Trustee  of  Columbia  College.     Address,  251  East  Seventeenth  Street, 
New  York  Citv. 
Miller,  George  M. 

Ring  wood.  New  Jersey. 
Newberry,  J.  S.,  M.D.,  LL.D. 

Professor  of  Geology  and  Palaeontology,    School  of  Mines,  Columbia 
College. 

Peck,  W.  G.,  Ph.D.,  LL.D. 

Professor  of  Mechanics,  School  of  Mines,  Columbia  College.     Address, 
Greenwich,  Connecticut. 

Rood,  O.  N.,  A.M. 

Professor  of  Physics,  Columbia  (College.     Address,  Columbia  College, 
New  York  City. 
RlJTHERFURD,  L.  M.,  LL.D. 

175  Second  Avenue,  New  York  City. 

Trowbridge,  W.  P.,  Ph.D.,  LL.D. 

Professor  of  Engineering,  School  of  Mines,  Columbia  College.    Address, 
School  of  Mines,  New  York  City. 

Van  Amringe,  J.  H.,  A.M.,  Ph.D. 

Professor  of  Mathematics ,  School  of  Mines,  ( -olumbia  College.   Address, 
51  East  Forty-fourth  Street,  New  York  City. 

Ware,  William  R.,  B.S. 

Professor  of  Architecture,  School  of  Mines,   Columbia  College.     Ad- 
dress, 9  West  Thirty-fiflh  Street,  New  York  City. 


LIST  No.  3. 


Contains  the  nannes  of  Graduates  of  the  School  of 
Mines,  not  members  of  the  Alumni  Associa- 
tion, nor  participating  in  the  benefits  of  such 
membership.  For  this  reason  great  uncer- 
tainty prevails  as  to  many  of  the  addresses 
given,  which  are  the  best  at  hand. 

It  is  very  desirable  that  this  list  should  be  short- 
ened as  far  as  practicable  by  the  transfer  of 
names  from  it  to  the  preceding  L.ist»  No.  2, 
under  the  Rules. 

(Revised  to  December,  1891.) 
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Adams,  W.  J.,  A.M.,  E.M.,       ...........    187?'. 

Murphy's.  Calaveras  County,  Cal. 

AgrHiuoute,  Joso  Cesar,  C.E., 1K76. 

Address  unknown. 

Alden,  Herbert  C.  E.M., 1881. 

269  West  One  Hundred  and  Twenty-ftfth  Street,  New  York  City. 

Anderson,  George  Mendenhall,  Ph.B., IJ^M. 

East  Walnut  Hills,  Cincinnati,  Ohio. 

Andresen.  Charles  Alfriid,  E.M., IrtM. 

Pickard  &  Andresen,  H  Gold  Street,  New  York  City. 

Appleby.  .John  Storm,  Ph.B *        .        .        .    1H8W. 

Architect,  216  West  Fifty-ninth  Street,  New  York  City. 

Aschman,  Fred.  Thco.,  Ph.B., lf<H\. 

Sharon,  Pa. 

Ayestas,  Alberto,  Ph.B., If<»-1. 

Tcgucicaliia,  Honduras. 

Barkley,  Howell  Finch.  E.  M l^Kl. 

Insftector  Health  DefKirtment,  42  Bleet-ker  Street,  New  York  City. 

Barnard,  Aug.  Porter.  E.M 1H<>8. 

125  East  Twenty-sixth  Street,  New  York  City. 

Barros,  Ijouis  de  Souza,  K.M.,  C.E  , 1H77. 

Stiu  Paulo,  Brazil. 

Beckstein,  ('harles  Alfred.  Ph.B., IN^^^. 

XUi  West  Forty -sixth  Street,  New  York  (Mty. 

Btu'.kwith,  C-harles  Ellsworth,  Met.  Eng IK^S. 

Secretary  Paterson  Iron  (\)nipany,  Paterson,  N.  J. 

Beck  with,  George  Alexander,  (\E., 1H^0. 

Paterson,  N.  .1. 

Behlen,  Herman,  Ph.B., 1W)0. 

12r^  East  One  Hundred  and  Fifteenth  Street.  New  York  City. 

Bell,  Henderson,  M..  Jr.,  E.M., 1K^». 

Staunton,  W.  Va. 

Berry,  Gerald,  ('.E., lSir9. 

78  Morton  Street,  Brooklyn,  N.  Y. 

Betts,  Romeo  Thompson,  C.E 1^9^>. 

191  Halsey  Street,  Bnwklyn,  N.  Y. 

Blake,  Edwin  Mortimer,  E.M., IMiO. 

Fellow  Columbia  College,  New  York  City,  and  230  Washington  Avenue, 
Brooklyn,  N.  Y. 

Bleecker,  Charles  Popham,  E.M., IHSl. 

Woodards,  Ala. 

Bliss,  Collins  Pechin,  Ph.B 1H91. 

423  West  One  Hundred  and  Fifty-fourth  Street,  New  York  City. 

Blossom.  Francis,  C.E., 18J>1. 

Draughtsman  C.  W.    Hunt  Co.,  4.5  Broadway,  and  440    Heurj^  Street, 
Brooklyn,  N.  Y. 

Bolton,  Robert,  Ph.B IHTJI. 

408  West  Nineteenth  Street,  New  York  City. 


\ 
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Boyd,  Richard  Charles,  Ph.B., 1891. 

50  Charles  Street,  New  York  aty. 

Bndley,  Stephen  Bowe,  Jr.,  Ph.B., 1690. 

Nyack,  N.  Y. 

Brennan,  Andrew  Joseph,  C.E., 1885. 

U.  S.  Coast  Survey,  Sandy  Hook,  N.  J. 

Bridgham,  Samuel  Willard,  E.M., 1867. 

49  West  Twenty-third  Street,  New  York  City. 

Brinckerhoff,  George  Charles,  E.M., 1878. 

Apartado  183,  Matanzas,  Cuha. 

Brinley,  John  Rowlett,  C.E., 1884. 

Morristown,  N.  J. 

BronsoD,  Edward  Stelle,  A.B.,  A.M.,  E.M., 1867. 

49  Garden  Place,  Brooklyn,  N.  Y. 

Brown,  Robert  Gilman,  E.M., 1889. 

Supt.  for  W.  A.  Clark  &  Bro.,  Box   505,  Butte,  Mont.,  and  170   West 
Tenth  Street,  New  York  City. 

Bruckman,  Frederick,  E.M 1869, 

1814  Sixteenth  Street,  Denver,  Colo. 

Buckingham,  Frederick  Endicott,  E.M., 1884. 

Department  Public  Works,  Brooklyn,  N.  Y. 

Bockland,  Will  A.,  Ph.B., 1890. 

36  East  Twenty -Second  Street,  New  York  City. 

Bnsh,  William  Falkner,  E.M., 1885. 

Box  225,  Flushing,  N.  Y. 

Gady,  Linus  Bertram,  E.M.,  C.E., 1877. 

234  West  Thirty-eighth  Street,  New  York  City. 

Cairns,  Fred.  Irvan,  E.M., 1890. 

Address  unknown. 

Gameron,  John  Gredney  Mott,  E.M.,  C.E., 1874. 

Assayer,  Box  188,  Nyack- on -Hudson,  N.  Y. 

Campbell,  Alonzo  Clarence,  E.M., 1H()9. 

Mining  Engineer,  306  Russell  Street,  Nashville,  Tenn.    Specialt3%  Mill- 
ing and  Concentration. 

Carr^re,  Joseph  Maxwell,  C.E 1883. 

36  Park  Place,  New  York  City,  and  New  Brighton,  N.  Y. 

Carson,  Joseph,  C.E., 1H90. 

31  West  Fifty-fifth  Street,  New  York  City. 

Churchill,  Alfred  Daniel,  A.M.,  M.S.,  E.M.,  Ph.D., 1880. 

Helena,  Mont. 

Clayton,  William  Robert,  Ph.B., 1890. 

Omaha,  Neb. 

Cloud,  Leo  George,  A.B.,  S.M., 1879. 

216  Monmouth  Street,  Newport,  Ky. 

Colton,  Frederick  Gray,  Ph.B., 1890. 

136  Montague  Street,  Brooklyn,  N.  Y. 

Comstock,  Claude  Nichols,  C.E ....    1888. 

72  Locust  Hill  Avenue.  Yonkers,  N.  Y. 

Constant,  Charles  Louis,  E.M.,  CE.,  1877. 

32  Park  Street,  Jersey  City,  N,  J. 

Cornwall,  Qeorge  Rockwell,  E.M.,  C.E., .    1876. 

Wallbridge  A,  Co.,  27  Vanderwater  Street,  New  York  City. 

o 
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Ck>urseD,  Oeorge  Harapton,  E.M.,  C.E., 1868. 

AddresB  unknown. 

Coykendall,  Thomas  Cornell,  C.E., 1890. 

Rondout,  N.  Y. 

Cozzens,  Harmon,  E.M., 1885. 

317  Lexington  Avenue,  New  York  City. 

Cristy,  Edward  Buxton,  Ph.B., 1891. 

Greenwich,  Conn. 

Cromwell,  James  William,  Jr.,  Ph.B., 1889. 

Architect,  29  Brevoort  Place,  Brooklyn,  N.  Y. 

Curtis,  Charles  Gordon,  C.E., 1881. 

114  East  Thirtieth  Street,  New  York  City. 

Davis,  William  Monroe,  E.M., ....    1890. 

Altoona,  Pa.,  and  Syracuse,  N.  Y. 

Deghu6e,  Joseph  Albert,  Ph.B., 1890. 

College  Phys.  and   Surg.,   New  York  City,  and  247  Harrison  Street, 
Brooklyn,  N.  Y. 

Del  Calvo,  Francis,  C.E iaH4. 

Address  unknown. 

Detwiller,  Charles  Henry,  Ph.B 18^i5. 

88  and  56  Danforth  Avenue,  Jersey  City,  N.  J. 

Doolittle,  Charles  Horace,  KM., 1885. 

St.    T^uis   &  Zacatecas  Ore  Co.,  Monterey,    Mexico,  and  418   Greene 
Avenue,  Brooklyn,  N.  Y. 

Downing,  Orrieu  Piukerton,  Ph.B., 1878. 

San  Leandro,  Cal. 

Dresser,  Daniel  LeBoy,  C.E 1889. 

Merchant,  273  Church  Street,  New  York  City,  and  Flushing,  N.  Y. 

Escobar,  Francisco,  E.M., 1889. 

Medelin,  U.  S.  of  Colombia,  S.  A. 

Fales,  William,  E.S.,  E.M.,  LL.B., 1871. 

Lawyer,  189  Montague  Street  Brooklyn,  N.  Y. 

Ferguson,  George  Albert,  Ph.B., 1890. 

138  Wilson  Street,  Brooklyn,  N.  Y. 

Fisher,  Lloyd  Wiegand,  Ph.B , 1890. 

Westtown,  N.  Y. 

Fitch,  Charles  Lincoln,  E.M 1882. 

Supt.  San  Pedro  Mine,  Sonora,  Mexico,  and  124  West  Forty-second  Street, 
New  York  City. 

Fitch,  .Tosiah  Huntingdon,  E.M., 1884. 

240  West  Forty-third  Street,  New  York  City. 

Fitzgerald,  George  E.,  E.M., 1884. 

El  Paso,  Texas. 

Foye,  Andrew  Ernest,  C.E 1890. 

Office  Engineer  M.  W.  P.  R,R.,  Jersey  City,  N.  J.,  and  163  West  Ninety- 
ninth  Street,  New  York  City. 

Francke,  Robert  Otto,  C.E., 1880. 

W.  Passburg,  Esq.,  Moscow,  Russia. 

Frankfleld.  Emil,  C.E 1886. 

328  West  Fifty-sixth  Street,  New  York  City. 
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Gage,  Samuel  Edson,  Ph.B., 1887. 

Architect,  Flashing,  N.  Y. 
Gardner,  Watts  Denning,  C.E., 1688. 

fi2  and  65  West  One  Hundred  and  Thirty-first  Street,  New  York  City. 

Garrison,  Edmund  Hoyt,  E.M.,  C.E., 1876. 

84  Highland  Street,  Yonkers,  N.  Y. 

Geor,  George  Jarvis,  Jr.,  E.M., 1868. 

Merchant,  453  Broome  Street,  New  York  City. 

(iiddings,  Edward  Everett,  E.M., 1867. 

Merchant,  413  Royal  Insurance  building,  Chicago,  111. 

Goldsmith,  Byron  Benjamin,  Ph.fi., 1887. 

19  East  Seventy-fourth  Street,  New  York  City. 

Gould,  Edward  Ludlow,  C.E., v        •     1890. 

59  Hawthorne  Avenue,  Yonkers,  N.  Y. 

Greene,  Wilkins  Updike,  Ph.B.,      . 1880. 

104  Columbia  Heights,  Brooklyn,  N.  Y. 

Griffith,  Vincent  Colyer,  Ph.B., 1889. 

Architect,  298  Herkimer  Street,  Brooklyn,  N.  Y. 

(iriggs,  Wilfred  Elizur,  Ph.B., 1889. 

Architect,  Waterbury,  Conn. 


Haas,  Harry  Leopold,  Ph.B., 1878. 

Oarrdre  and  Haas,  36  Park  Place,  New  York  City. 

Haffen,   Louis  Francis,  A.M.,  (\E., 1879. 

Lorillard  Mansion,  Bronx  Park,  and  647  Courtlandt  Avenue,  23d  Ward, 
New  York  City. 

Hamilton,  Schuyler,  Jr.,  A.B.,  A.M.,  E.M., 1876. 

Croton  Landing,  Westchester  Co.,  N.  Y.,  Architect  and  Brick  Manufac- 
turer. 

Harker,  Charles  Sumner,  E.M., 1879. 

Bodie  Tunnel  Co.,  Bodie,  Cal. 

Harnier,  Thomas  Hayes,  A.B.,  A.M.,  E.M., lvS67. 

113  East  Twenty-seventh  Street,  New  York  City. 

Hart,  Buruham,  C.E.,       .  . 1885. 

(iire  L.  W.  Hart.  44  Court  Street,  Brooklyn,  N.  Y.,  and  Ramsay,  N.  J. 
Out  of  health,  uuable  to  practice. 

Hart,  Charles  Henry,  C.E., 1890. 

130  West  One  Hundred  and  Twenty-fifth  Street,  New  York  City. 

Hasegawa,  Yothinosuke,  E.M.,  Ph.D., 1878. 

Mitsu  Bishi  Sha,  No.  11,  Awi^jicho,  Nichome  Kanda,  Tokio,  Japan. 

Heath,  Frederick  Milton,  E.M., 1867. 

Potsdam,  N.  Y. 

Heinze,  Frederick  Augustus,  E.M., 18H9. 

Box  2711,  Brooklyn,  N.  Y. 

Hemmer,  Frederick  Adolph,  Ph.B., 1881. 

52  Cedar  Street,  New  York  City. 

Hooper,  Louis  Mosher,  C.E., 1880. 

Sanitary  Department  New  York  Board  of  Health,  and  care  of  J.  B. 
Hooper,  80  Chambers  Street,  New  York  City. 

Hudson,  Edward  Henry,  C.E., 1880. 

Address  unknown. 

Hunt,  Frederick  Furneaux,  E.M..  C  E., 1876. 

Capalton,  Quebec,  Canada. 
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HunttiDg,  Henry  Ogden,  Ph.B., 1887. 

Architect,  454  Ceassoti  Avenue,  Brooklyn,  N.  Y. 

Holter,  Norman  Bernard,  £.M 1891. 

Helena,  Mont. 

Hornbostel,  Henry  Frederick,  Ph.B 1891. 

39  Second  Place,  Brooklyn,  N.  Y. 

Hoyt,  John  Sherman,  C.E., 1890. 

934  Fifth  Avenue,  New  York  City. 

Ingram,  Edward  Liovering,  C.E., 1885. 

St.  Augustine,  Fla.,  and  Nyack,  N.  Y.,  now  U.  S.  Assistant  Engineer. 
Harbor  Engineering. 

Ives,  Arthur  Stanley,  C.E., 1889. 

33  Sidney  Place,  Brooklyn,  N.  Y. 

Jackson,  Charles  Edward,  C.E 1875. 

15  Courtland  Street,  New  York  City. 

Jarmulowsky,  Meyer,  Ph.B., 1890. 

27  Jefferson  Street,  New  York  City. 

Jenney,  Walter  Proctor,  E.M.,  Ph.D., 1869. 

U.  S.  Geological  Survey,  Washington,  D.C.,  and  Jopling,  Mo. 

Johnston,  Robert  Andrew.  C.E., 1879. 

Assistant  Sanitary  Engineer,  New  York  Board  of  Health,  301  Mott  Street, 
New  York  City. 

Jones,  Thomas  John,  Met.  Eng.,      ....  1890. 

Pulaski,  Va. 

Jordao,  Jose  Nabor  Pacheco,  C.E.,  E.M.,  Ph.B., 1877. 

Paulista  Bail  way,  San  Paulo,  Brazil,  S.  A. 

Keeler,  Frederick  Sterling,  Ph.B., 1891. 

106  East  Thirty-eighth  Street,  New  York  City. 

King,  Charles,  Ph.B., 1876. 

Railroad  rsontractor,  King  and  Dickinson,  Tacoma,  Wash. 

Kohu,  Robert  David,  Ph.B 1890. 

108  West  Sixty-fourth  Street,  New  York  City. 

Koen,  I^uis,  Ph.B 1890. 

924  Madison  Avenue,  New  York  City. 

Klepetko,  Frank,  E.M., 1880. 

Superintendent  Smelting  Department,  Tamarack,  Osceola  Copper  Manu- 
facturing Co.,  Dollar  Bay,  Mich.     At  present  Superintendent  of  Con- 
struction of  the  Great  Falls  Smelter,  for  the  Boston  and  Montana 
Consol.  (Jopper  and  Silver  Mining  Co.     Address,  (treat  Falls,  Montana, 

Knapp,  John  Augustus,  A.B.,  A.M.,  E.M., 1870. 

Chicago  and  Aurora  Smelting  Co.,  Chicago,  111. 

Lodoux,  Augustus  Damon,  Ph.B., 1881, 

A.  R.  Ledoux  and  Co..  10  Cedar  Street,  New  York  City. 

Lee,  Henry  Charles,  C.E 1886. 

127  East  Twenty-first  Street  New  York  City. 

Lichtcnstein,  Edward  Gervaise,  Ph.B., 1890. 

128  West  Forty-second  Street,  New  York  City. 

Lindsley,  Stewart,  E.M '.        .    1»70. 

Orange,  N.  J. 
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Lord,  Nathaniel  Wright,  E.M., 1876. 

ProfesBor  Mining  and  Metallurgy,  Ohio  State  University,  Columhus,  O. 

Lowndes,  William  Shepherd,  Ph.B.,  1890. 

42  Sherman  Place,  Jersey  City,  N.  J. 

McDowell.  Frederick  H..  E.M., 1872. 

117  Liberty  Street,  New  York  City  and  Montclair,  N.  J. 

Mcllvaine,  Alexis  Beed,  Ph.B., 1888. 

Architect,  28  East  Ninth  Street,  New  York  City. 

McKleroy,  William  Henry,  Met.  Eng., 1890. 

Anniston,  Ala. 

Maghee,  John  Holme,  A.B.,  A.M.,  C.E 1876. 

(^yuga  Lake  Ice  Line,  Rochester,  N.  Y.,  and  16  East  Fifty-fourth  Street, 
New  York  City. 

Mann,  Horace  Borchsenius,  Ph.B., 1890. 

Orange,  N.  J. 

Mapes,  Charles  Halstead,  Ph.B., 1889. 

68  West  Fortieth  Street,  New  York  City. 

Mason,  Carl  Schultz,  Ph.B., 1889. 

Architect,  1423  Lexington  Avenue,  New  York  City. 

Matthews,  Charles  Thompson,  Ph.B., 1889. 

Architect,  Elm  Park,  Norwalk,  Conn. 

Matsui,  Nawokichi,  Ph.B.,  Ph.D., 1878. 

Third  High  School,  Osaki,  Japan. 

Mattison,  Josyoh  Oodley,  Ph.B 1880. 

Chemist,  Hoppock  &  Mattison,  20  West  Fourteenth  Street,  New  York 

aty. 

Mayer,  Ralph  Edward,  C.E., 1879. 

Instructor  in  Engineering,  Columbia  College,  New  York  City. 

Meikleham,  Thomas  Mann  Randolph,  C.E., 1890. 

52  Wall  Street,  New  York  City. 

Mesa,  Antonio  Esteban,  C.E., 1882. 

Address  unknown. 

Moeller,  Rudolph,  Ph.B., 1887. 

17  and  19  William  Street,  and  336  West  Twenty-ninth  Street,  New  York 
City. 

Morewood,  George  Barrow,  E.M.,  Ph.D., 1878. 

Tea  Importer,  121  Front  Street,  New  York  City. 

Morewood,  Henry  Francis,  E.M.,  Ph.D., 1876. 

Importer,  121  Front  Street,  New  York  City,  and  Englewood,  N.  J. 

Mott,  Henry  Augustus,  Jr.,  Ph.D.,  E.M.,  Ph.D., 1873. 

Mining  Engineer  and  Analytical  Chemist,  61  Broadway,  New  York  City. 

Murphy,  Henry  Morgan,  E.M., 1878. 

Murphy  &  Co.,  231  Broadway,  New  York  City. 

Murray,  George,  E.M 1874. 

i  235  West  Twenty-third  Street,  New  York  City. 


Nambu,  Kiugo,  KM 1878. 

Nagasaki,  Japan. 

Neymann,  Percy,  Ph.B., 1881. 

Chemist  and  Assistant  Superintendent  Sherwin,  Williams  &  Co.,  100 
Canal,  Cleveland,  O. 

Nichols,  Harry  Parmelee,  E.M., 1887. 

Arsenal,  Sixty-fourth  Street,  Fifth  Avenue,  New  York  City. 
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Nichols,  Ralph,  E.M.,  C.E 1877. 

Manager  Jay  Gould  Mine,  Ballion  &  Haley,  Alturos  Co.,  Idaho. 

Noble,  Charles  Milton,  E.M 1879. 

Manager  Rattan  Mfg.  Co.,  South,  Room  410,  Ezall  Building,  Gkblveston, 
Texas,  and  Anastin,  Ala. 

COrady,  James  William,  E.M.,  C.E., 1876. 

Contractor,  Morrisania,  N.  T. 

Oseranski,  Isaac  Henry,  C.E., .        .    1889. 

Address  unknown. 

Oxnard,  James  Guerrero,  Ph.B., 1883. 

Fulton  Sugar  Refinery,  Dock  and  Water  Streets,  Brooklyn,  N.  T. 

Palmer,  Cortlandt  Edward,  E.M., 1878. 

General  Manager,  Argentum,  Juniata,  etc.,  M.  &  M.  Cos.,  Aspen,  Colorado. 

Pazos,  Vincent  Felix,  E.M., 1878. 

Address  unknown. 

Perry,  Nelson  W.,  E.M., 1878. 

238  Auburn  Avenue,  Cincinnati,  O. 

Pflster,  Philip  Charles,  E.M., 1875. 

Address  unknown. 

Pierce,  Harry  Nelson,  E.M 1885. 

Address  unknown. 

Piez,  Charles,  E.M., 1889 . 

Link  Belt  Engineering  Co.,  Nicetown,  and  430  Franklin  Street,  Phila- 
delphia, Pa. 

Piatt,  Charles  Slason,  E.M., ims. 

Assayer,  4  Lil)erty  Place,  New  York  (Mty. 

Portuondo,  Jose,  C.E., 1890. 

San  Basilic,  Alta  28,  Santiago,  Cuba. 

Post,  William  Stone,  Ph.B., 1890. 

Bernardsville,  N.  J. 

Powers,  Cornelius  Van  Vorst,  Ph.B 1882. 

22  West  Forty-eighth  Street,  New  York  (^ity. 

Primelles,  Jose  Alejandro,  C.E., 18H7. 

Puerto  Principe,  Cuba. 

Proctor,  William  Ross,  E.M., 1884. 

Pittsburgh,  Pa. 

Provot,  George,  Ph.B. 1889. 

Architect,  24  Highland  Terrace,  Orange,  N.  J. 

Radford,  William  Helshara.  E.M., ,    1877. 

Lydenburgh,  Gold  Mining  C'O.,  Limited,  Manchester,  Eng. 

Rnymer,  George  Sharp,  A.B.,  E.M., 1881. 

Mine  Superintendent,  Idaho  Springs,  Colorado,  and  03  Seventh  Avenue, 
Brooklyn,  N.  Y. 

Raymond,  Alfred,  Ph.B 1891 

123  Henry  Street,  Brooklyn,  N.  Y. 

Reed,  William  Bell  Stephen,  E.M., 1879. 

Address  unknown. 

Richmond,  William  Thomas,  Ph.B 1881. 

68  Thomas  Street,  New  York  City. 

Roberts,  Arthur  Carr,  E.M., 1881. 

Address  unknown. 
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Boberts,  Giacie  Sayre,  E.M.,  C.E., 1871. 

Aqueduct  Commission,  280  Broadway,  New  York  City. 

Boberison,  Kenneth,  E.M., 1868. 

Address  nnknowu. 

Bobertson,  Bichard  Spotswood,  Jr.,  E.M., 1871. 

Jackson,  Minn. 

Bobinson,  Henry  Alvord,  Ph.B 1880. 

Lawyer,  address  unknown. 

Bogers,  Charles  Louis,  E.M.,  C.E., 1877. 

823  Broad  Street,  Chattanooga,  Tenn. 

Bogers,  Oscar  Legare,  Ph.B 1889. 

Architect,  57  West  Eighty-fifth  Street,  New  York  City. 

Boss,  William  Coleman,  C.E.,  M.E., 1876. 

Bnssell,  Samuel  Howland,  E.M., 1875. 

110  East  Thirtieth  Street,  New  York  City. 

Butherford,  Francis  Morris,  E.M., 1879. 

Assistant  Engineer,  maintenance  of  way,  B.  &  D.  B.  B.,  Bichmond,  Va. 

Bntherford,  Lewis  Hopkins,  E.M., 1887. 

Franklin,  Pa.,  and  470  Washington  Street,  New  York  City.    1888  to 
date,  Manager  American  Oxide  Co.,  as  above. 

Sanders,  Wilbur  Edgerton,  E.M., 1885. 

Mine  Supt.,  Ewing  and  Seventh  Avenue,  Helena,  Mont. 

Sawyer,  Charles  Pike,  Ph.B., 1881. 

136  West  Ninety-third  Street,  New  York  City. 

Shack,  Albert  P.,  E.M., ,  1868. 

Address  unknown. 

Schroeder,  James  Langdon,  C.E., 1889. 

Benwick,  Aspinwall  &  Bussell,  71  Broadway,  and  27  East  Thirty-first 
Street,  New  York  City.    July,  1890,  to  date,  architectural  draftsman. 

Sherman,  Frank  Dempster,  Ph.B., 1884. 

Adj.  Professor  of  Architecture,  Columbia  College,  School  of  Mines,  New 
York  City. 

Shope,  Henry  Brengle,  Ph.B., 1885. 

B.  M.  Hunt,  Tribune  Building,  19  West  Thirty-second  Street,  New  York 
City. 

Skidmore,  Samuel  Tredwell,  A.B.,  Ph.B., 1889. 

71  West  Fiftieth  Street,  New  York  City. 

Sloane,  Thomas  O'Connor,  A.B.,  A.M.,  E.M.,  Ph.D., 1872. 

361  Broadway,  New  York  City,  and  South  Orange,  N.  J.    Chemist,  ex- 
pert in  patent  cases  and  author. 

Small,  Franklin  Maurice,  Ph.B., 1889. 

Architect,  199  Second  Avenue,  New  York  City. 

Smeaton.  William  Henry,  C.E.,  E.M., 1877. 

Cana,  U.  S.  Colombia,  S.  A. 

Smedberg,  Henry  Ashton,  A.B.,  C.E., 1884. 

347  Fifth  Avenue,  New  York  City. 

Sraythe,  Boland  Mulville,  E.M.,  C.E 1877. 

44  Broadway,  New  York  City.     1879  to  date,  banker  and  broker. 

Speyers,  Clarence  Livingston,  Ph.B., 1884. 

Assist,  in  chemistry.  State  University,  Columbia,  Mo.,  and  50  West  Seven- 
teenth Street,  New  York  City. 

Stallnecht,  Frederick,  E.M., 1868. 

Editor,  11  Bond  Street,  New  York  City. 
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Starr,  Henry  Fowler,  Ph.B 1879. 

Chemist,  Newark  Steel  Works,  38  Orleans  Street,  Newark,  N.  J. 

Steers,  Jamea  Rich,  Ph.B., 1890. 

10  East  Thirty-eighth  Street,  New  York  City. 

Stewart,  Hunter,  E.M., 1875. 

Address  unknown. 

St.  John,  Thomas  Matthew,  Met.  Eng 1890. 

New  York  City. 

Stoughtou,  Arthur  Alexander,  Ph.B., 1888. 

93  Rue  de  Seine,  Paris,  France,  and  1665  Washington  Avenue,  New  York 
City. 

Stoughton,  Charles  William,  C.E., 1889. 

44  and  46  Broadway,  and  1665  Washington  Avenue,  New  York  City. 

Strieby,  William,  A.M.,  E.M., 1878. 

Professor  of  Metallurgy  and  Assaying,  Colorado  College,  Colorado  Springs, 
Colorado. 

Strout,  William  Allen,  Ph.B., 1891. 

366  Carlton  Avenue,  Brooklyn,  N.  Y. 

Suydam,  John  Richard,  Jr.,  E.M., 1879. 

14  East  Forty-first  Street,  New  York  City. 

Taylor,  Joseph  Brown,  E.M., 188S. 

Columbia  Iron  Works,  and  544  Bedford  Avenue,  Brooklyn,  N.  Y. 

Thomas,  Franz  Charles,  Ph.B., 1891. 

108  East  Seventeenth  Street,  New  York  City. 

Thompson,  Milton  Strong,  Ph.B., 1675. 

Chemist,  Newbury  port,  Mass. 

Thome,  Williani  Lincoln,  Ph.B 1890. 

63  High  Street,  Yonkers,  N.  Y. 

Totten,  George  Oakley,  Jr.,  Ph.B., 1891. 

62  North  Eleventh  Street,  Roseville,  N.  J. 

Toucey,  Donald  Butler,  LL.B.,  E.M., 1882. 

Ill  Broadway,  and  160  West  Fifty-ninth  Street,  New  York  City. 

Trowbridge,  Samuel  Breck  Parkman,  A.B.,  Ph.B., 1886. 

Architect,  7  East  Forty-sixth  Street,  New  York  City,  and  210  Prospect 
Street,  New  Haven,  Conn. 

Tucker,  Allen,  Ph.B., 1888. 

Architect,  &5  West  Forty-fifth  Street,  New  York  City. 

Tucker,  John  Henry,  Ph.B.,  Ph.D 1875. 

Address  unknown. 

Tucker,  Samuel  Auchmuty,  Ph.B., .    1891. 

65  West  Forty-fifth  Street.  New  York  City. 

Van  Boskerck,  Robert  Ward,  E.M., 1877. 

Artist,  58  West  Fifty-seventh  Street,  New  York  City. 
Van  Brunt,  Arthur  Hoffman,  Ph.B., 1886. 

Architect,  27  West  Thirteenth  Street,  New  York  City. 

Van  Lennep,  David,  E.M 1868. 

Auburn,  Placer  County,  Cal.    Fruit  ranch. 

Wain  Wright,  Richard  Tighe,  C.E., ....    1890. 

Rye,  N.  Y. 

Wallbridge,  Frederick  Kidder,  E.M :        .    1884. 

71  Downing  Street,  Brooklyn,  N.  Y. 
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Walker,  Joseph,  Jr.,  G.E., 1880. 

Mill's  Building  and  112  East  Thirty-seventh  Street,  New  York  City. 

Wanier,  Albert  Qeorge,  Ph.D., 1882. 

Sapt.,  Fr.  Beck,  206  West  Twenty-ninth  Street,  and  41  West  Twenty- 
eighth  Street,  New  York  City. 

October,  1888,  to  date,  as  above. 

Wardlaw,  James  Robert,  C.E., 1876. 

25  Chambers  Street,  New  York  City. 

Warren,  C^harles  Perk,  Ph.D 1890. 

286  Clifton  Place,  Brooklyn,  N.  Y. 

Warren,  Lloyd,  Ph.B 1891. 

520  Fifth  Avenue,  New  York  City. 

Waterbury,  Cornelias  Reed,  C.E., 1877. 

Lawyer,  250  West  Fifty-flfth  Street,  New  York  City. 

Waters,  George  Safford,  Ph.B., 1889. 

Architect,  Lansingburgh,  N.  Y. 

Watson,  Bolla  Bamum,  Met.  Eng., 1891. 

403  Sibley  Street,  Cleveland,  Ohio. 

Webb,  Henry  Walter,  E.M.,  LL.B., 1873. 

Second  Vice-President,  N.  Y.  C.  &  H.  R.  R.R.,  and  15  West  Forty -seventh 
Street,  New  York  City. 

Wedekind,  Edwin  Hutter,  Ph.B., 1889. 

Assayer,  A.  Y.  &  Minnie  Mines,  Leadville,  Colo. 

Welch,  Alexander  McMillen,  Ph.B., 1890. 

62  West  One  Hundred  and  Thirty-first  Street,  New  York  City. 

Welsh,  Howard  Farrington,  E.M., 1890. 

273  McDonough  Street,  Brooklyn,  N.  Y. 

Wetmore,  Edwin  Atwater,  KM., 1875. 

Iron  Merchant,  Marquette,  Mich. 

Wheatley,  Joseph  Yendes,  C.E., 1886. 

Address  unknown. 

Whitman,  Edmund  Pineo,  E.M., 1885. 

Puritan  Club,  Boston,  Mass. 

Williams,  Frederick  Harrison,  E.M 1874. 

34  Virginia  Street,  Wheeling,  W.  V. 

Williams,  William  Fish,  C.E.,  E.M., 1881. 

31  Fifth  Street,  New  Bedford,  Mass. 

Wilson,  Clarence  Edgar,  Ph.B.,  1886. 

Address  unknown. 

Wright,  Albert  Allen,  A.M.,  Ph.B 1875. 

Professor  of  Geology  and  Natural  History,  Oberlin  College,  Oberlin,  O. 
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Alabama. — BirminKliani,  C.  A.  Meissner;  Mobile,  (i.  F.  D.  Trask. 
Arizona. — Globe,  A.  L.  Walker;    Sierrata,  R.  D.  Rhodes;    Tombstone. 

W.  F.  Staunton,  E.  Goodwin. 
California. — (Iraas  Valley,  E.  A.  Wiltsie  ;  Los  Angeles,  L.  (\  Easu^n  ;  Saii 

Francisco,  J.   M.  Adams,  J.  L.   Lillienthal,  D.  E.   Mellis.  E.   C   Van 

Blarcom ;  Selby,  E.  N.  Engelhardt. 
Colorado.— Aspen,  A.  F.  Bard  well,  R.  E.  Booraem,  M.  B.  Holt,  V.  W. 

Miller,  W.   E.   Newberry  ;    Colorado   Springs,  C   B.  Crowell,  G.    H. 

Parsons  ;  Denver,  H.  V.  F.  Furman,  M.  W.  lies,  0.  F.  Lacombe,  T.  B. 

Stearns,  T.   F.  Van  Wagenen ;    Durango,  E.  H.  Amy;  Golden,  M.  C- 

Ihlseng,  G.  C.  Tilden  ;  Pueblo,  W.  H.  Aldridge,  H.  P.  Bellinger.  A.  8. 

Dwigbt,  E.  C.  Eddy,  F.  W.  Smith  ;  Red  Cliff,  F.  W.  Huntington  ;  Tellu- 

ride,  T.  S.  Mathis. 
Connecticut.  —  Collinsville,    W.    Hill;    Hartford,   A.  L.    J^evy;    Middle- 
town,  J.  G.  Murphy ;  Ridge6eld,  G.  W.  Riggs  ;  Stamford,  0.  Q.  Paine. 
District  of  Columbia.— Washington,  E.  C.  Barnard,  Carl  Barus,  E.  M. 

Douglass,  \V.  T.  Griswold,  H.   Hollerith,  H.  S.  MacKaye,  E.  StArek, 

F.  W.  Tower,  W.  H.  Weed,  B.  Willis,  H.  M.  Wilson. 
Georgria" — Atlanta,  F.  R.  Bartlett ;  Savannah,  D.  B.  Falk. 
niinoiB. — Carthage,  J.  C.   Ferris;    Chicago,  E.  (I.   Barratt,  S.   S.  Fowler, 

H.  L.  Hollis,  S.  B.  Peck,  F.  B.  F.  Rhodes,  W.  H.  Van  Arsdale,  A. 

Wampold ;  Aurora,  A.  W.  Jenks. 
Idaho. — DeLamar,  F.  C.  Hooper;  Rocky  Bar,  L.  C.  Koch. 
'Indiana. — Muncie,  J.  R.  Marks. 
Indian  Territory. — Hartshorn,  E.  Ludlow. 
Iowa. — Burlington,  W.  Boecklin  ;  Burlington,  West,  J.  T.  Beard;  Ottumwa, 

S.  S.  Rice. 
Kentucky. — Ijexington,  W.  Newbrough  ;  Louisville,  A.  J.  Lamb. 
Louisiana. — New  Orleans,  G.  S.  Eastwick. 

Maryland. — (jlencoe,  E.  A.  McCuUoh ;  Sparrows  Point,  L.  F.  Massa. 
Massachusetts. — New  Bedford,  N.  Hathaway ;  Springfield,  L.  J.  Powers. 
Michigan.— Houghton,  F.  W.   Denton,  R.  M.  Edwards,  F.  W.  Stant^^n  ; 

Tronwood,  W.  C.  Butler,  G.  Miiller ;  Ishpeming,  T.  P.  Channing ;  Mar-* 

quett^,  K.  A.  Parker;  Vulcan,  W.  Kelly. 
Missouri. — Carthage,  A.  0.  Ihlseng ;  De  Soto,  ().  M.  Munro;  Springfield, 

W.  W.  Tuttle ;  St.  Louis,  H.  C.  Mannheim,  W.  B.  Potter,  A.  F.  Schnei- 
der, A.  Thacher,  H.  A.  Wheeler. 
Montana. — Butte,  F.  Sands,  S.  D.  Gifford  ;    Deer  Lodge,  A.  M.  Ryon,  P. 

W.  Traphagen;  Helena,  J.  R.  Parks,  C.  F.  Pearis,  J.  G.  Seligman ;  Elk 

Horn,  H.  M.  (vole;    Great  Falls,  P.  A.  L.   Mannheim;  Neihart,  R.  M. 

Raymond;  Smelter,  A.  F.  Emrich. 
NebrGiska. — Omaha,  H.  Garlichs. 
New  Mexico. — Socorro,  T.  S.  Austin,  G.  B.  Lee. 
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New  Jersey.— Dover,  F.  A.  Canfield;  Englewood,  W.  W.  Burritt;  Hobo- 
ken,  A.  Stevens;  Jersey  City,  W.  R.  Appleby,  W.  R  Downs;  Newark, 
H.  G.  Atha,  C.  A.  Colton,  F.  W.  Kinsey,  W.  E.  Preston,  G.  C.  Stone, 

F.  Vanderpoel,  W.  Wiener;  New  Brunswick,  P.  T.  Austen,  A.  H. 
Chester,  W.  D.  Home ;  Orange,  W.  L.  Hoyt,  R.  R.  Mosely,  W.  H. 
Stuart ;»  Passaic,  E.  W.  Guitcrman ;  Plainfield,  (>.  Bullman  ;  Princeton, 
H.  B.  Cornwall ;  West  End,  W.  E.  Hildreth. 

New  York. —Albany ,  F.  J.  H.  Merrill;  Brooklyn,  R.  L.  Allen,  G.  Berry, 

D.  D.  Book,  E.  D.  Church,  E.  P.  Clark,  H.  R.  Council,  J.  T.  Corcoran, 
S.  G.  Engel,  S.  A.  (roldschmidt,  J.  M.  Hewlett,  B.  C.  Hinman,  B. 
J.  T.  Jeup,  W.  D.  Jones,  T.  Lyman,  W.  M.  Meserole,  J.  Middleton, 
J.  Nesmith,  T.  w^.   Perkins,  A.  J.  Provost,  R.  Raynor,  C.  B.  Rowland, 

G.  Rowland,  W.  W.  Share,  E.  Skinner,  J.  A.  Staunton,  G.  A.  Tibbals, 
S.  G.  Tibbals,  W.  L.  Tyler.  E.  Van  Dyck,  G.  J,  Volckening,  E.  R. 
Von  Nardroff,  E.  F.  Weekes ;  Buffalo,  G.  Cary ;  Clinton,  C.  H.  Smyth ; 
Great  Falls,  A.  S.  Post;  Ithaca,  S.  B.  Newberry;  Laurel  Hill,  W.  C. 
Ferguson;  Montmoor,  G.  M.  Muller;  New  Brighton,  C.  A.  Hollick  ; 
New  Rochelle,  L.  P.  De  Luze ;  New  York  City,  W.  C.  Adams,  S.  W. 
Andrews,  A.  Agramonte,  W.  M.  Baldwin,  J.  H.  Banks,  A.  L.  Beebe, 

E.  Behr,  W.  L.  Benedict,  F.  A.  Benjamin,  M.  Benjamin,  W.  (t.  Berry, 
J.  R.  Bien,  A.  L.  Black,  ().  Bodelson,  N.  L.  Britton,  F.  X.  Brosnan, 

F.  ,G.  Brown,  J.  H.  B.  Browning,  W.  F.  Brugman,  W.  Bryce,  C.  R. 
Buckley,  A.  L.  Burns,  E.  L.  Burns,  E.  R.  Bush,  N.  Butler,  W.  P. 
Butler,  A.  Caiman,  A.  C.  Canfield,  E.  P.  Carey,  J.  B.  Cauldwell,  C.  F. 
Chandler,  J.  A.  Church,  C.  E.  Colby,  S.  B.  Colt,  G.  B.  Cornell,  H.  C. 
Cornwall,  J.  C.  Cox,  F.  B.  Crocker,  A.  R.  Cushman,  H.  G.  Darwin. 
C.  H.  Davis,  H.  W.  Davis,  A.  F.  Delafield,  J.  A.  Deghuee,  W.  B.  Deve- 
reux,  W.  A.  Dodsworth,  J.  S.  Douglas,  A.  W.  Dow,  S.  B.  Downes, 
L  W.  Drummond,  W.  L.  Dusenberry,  E.  P.  Eastwick,  T.  Egleston, 
W.  G.  Elliott,  A.  H.  Elliott,  W.  Elliott,  G.  E.  Fahys,  G.  A.  Ferguson, 
C.  F.  Ferrer,  H.  Feuchtwanger,  H.   Fish,  F.   W.  Floyd,  J.  W.  Frank, 

E.  Frankfield,  W.  H.  Freedman,  L.  P.  Gratacap,  J.  L.  Greenleaf,  S. 
P.  Griffin,  L.  N.  Gross,  C.  E.  Gudewill,  D.  F.  Haasis,  A.  W.  Hale, 
R.  W.  Hall,  A.  P.  Hallock,  C.  E.  Harding,  T.  H.  Harrington,  E.  M. 
Hawkes,  ().  B.  Hebert,  A.  M.  Heinsheimer,  H.  H.  Hendricks,  R.  W. 
Hildreth,  E.  H.  Holden,  W.  A.  Hooker,  J.  T.  Horn,  C.  Huntington,  F.  R. 
Hutton,  W.  C.  lUig,  D.  M.  Jacobs,  S.  T.  Jacobs,  J.  H.  Janeway,  C.  H. 
Jouet,  C.  P.  Karr,  J.  F.  Kemp,  J.  J.-  Koch,  W.  B.  Kunhardt,  J.  Lahey, 
R.  Lahey,  B.  B.  Lawrence,  D.  G.  I^eary,  G.  Leary,  E.  J.  Lederle,  A.  R. 
Ledoux,  T.  H.  Leggett,  W.  P.  Little,  A.  R.  Livingston,  E.  G.  Love,  L. 
M.  Luquer,  T.  T.  P.  Luquer,  G.  Lusk,  C.  F.  McKenna,  R.  A.  McKim, 
C.  L.  Mclioughlin,  J.  Maclay,  L.  Marie,  E.  W.  Martin,  T.  M .  R.  Meik- 
leham,  J.  H.  Merritt,  H.  H.  B.  Meyer,  H  H.  Miller,  J.  T.  Monell,  M.  R. 
Montenegro,   D.  E.   3Ioran,  M.  L.    Mora,  L.  Morgan,  W.  F.  Morgan, 

G.  W.  Morris,  A.  J.  Moses,  H.  S.  Munroe,  C.  E.  Munsell,  A.  H.  Napier, 
J.  S.  Newberry,  E.  L.  Newhouse,  L.  S.  Noble,  J.  A.  Noyes,  A.  C. 
Nye,  M.  J.  O'Connor,  T.  D.  O'Connor,  E.  E.  Olcott,  E.  A,  Oothout, 

F.  N.  Owen,  A.  McC.  Parker,  H.  C.  Parker,  C.  F.  Parraga,  Henry 
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ParsoDS,  W.  B.  Pareons,  W.  G.  Peck,  C.  E.  Pellew,  J.  P.  Pennington,  G. 

S.  Percival,  W.  Pistor,  L.  Pitkin,  H.  H.  Porter,  Jr.,  A.  V.  Z.  Post,  E. 

Randolph,  J.  C.  F.  Randolph,  J.  F.  Randolph,  S.  A.  Reed,  B.  F.  Rees,  J. 

K.  Rees,  G.  Renault,  C.  C.  Restrepo,  J.  M.  Rich,  J.  C.  Richardson,  P.  de 

P.  Ricketts,  P.  W.  Ridsdale,  C  M.  Rolker,  0.  N.  Rood,  R.  G.  Rood,  P. 

Rupp,  Ji.  M.  Rutherford,  F.  Ruttman,  E.  E.  Sai^c,  F.  A.  Schermerhom, 

W.  J,  Schieiflein,  C.  Schumann,  H.  T.  Shriver,  W.  A.  Shuniway,  F.  M. 

Simonds,  A.  Smith,  F.  P.  Smith,  L.  Smith,  M.  Smith,  T.  E.  Snook,  A. 

N.  Spooner,  J.  Struthers,  G.  A.  Suter,  H.  C.  Thompson,  W.  H.  Titus, 

W.   P.  Trowbridge,  J.  H.  Van  Amringe,  A.  H.  Van  Sindcrin,  H.  T. 

Vulte,  J.  H.  Wainwright,  A.  C.  Walbridge,  E.  E.  Waller,  N.  R.  Ward, 

W.  R.  Ware,  W.  H.  Weeks,  J.  S.  C.  Wells,  T.  O.  Wels,  W.  S.  White, 

H.  P.  Whitlock,  R  Wiechmann,  J.  T.  WiUiams,  C.  A.  Wittmack,  G.  E. 

Wood,  I.  n.  Woolson,  K  L.  Young;  Niagara  Falls,  W.  S.  Humbert; 

Northport,  W.  H.  Ingcrsoll ;  Poughkeepsie,  A.  E.  Tower;  Rochester,  T. 

Nolan ;  Sing  Sing,  W.  S.  Page ;  Skaneateles,  F.  M.  Thomas ;   Sprin.!? 

Valley,  C  E.  (traff ;  Spuyten  Duyvil,  E.  M.  Johnson,  (x.  H.  Johnson, 

I.   B.  Johnson;   Stapleton,   M.    D.Wheeler;    Sterling,  E.   M.   Parrot; 

Tarrytown,  F.   N.    Holbrook,  B.  R.  Value;    Utica,  G.  M.    Williams; 

White  Plains,  H.  D.  Brewster,  R.  K  Slade;  Whitestone,  W.  O.  Wallace, 

I).  W.  Ward ;  Yonkers,  S.  W.  Balch. 
North  Carolina. — Charlotte,  S.  W.  Cramer,  G.  B.  Hanna;  Raleigh,  II. 

Lipps;  Wilmington,  F.  S.  Clark. 
Ohio. — Cincinnati,  C.  B.  Going,  J.  B.   Porter;  Cleveland,  R.  F.  Jopling; 

Marietta,  C.  G.  Slack. 
Pennsylvania. — Allegheny,  C.  G.    Massa,  L.   Wertheimer;  Altoona,  W. 

M.  Davis;  Ambler,  E.  Luttgen  ;  Bethlehem,  A.  L.  (^olby,  L.  R.  Lenox  ; 

McKeosport,  T.  Tonnell ;  Osceola  Mills,  T.  J.  Brereton,  G.  McII.  Good; 

Philadelphia,  C.  S.  Allen,  E.  A.  Congdon,  E.  Cudcman,  S.  M.   Lillio, 

A.   C.   Munoz  del  Monte,  G.  R.  Tuska;   Phoenixville,  R.   H.  Vondy ; 

Pitt^sburgh,  T.  M.  Hopke,  C.  B.  Judd,  C.  Boutillier,  R.  G.  (J.  Mol- 

denke,  G.  S.   Page,  C.  A.  Painter,  G.  E.  Painter,  E.  Singer,  G.  H. 

Singer ;  Scranton,  E.  S.  Moifatt ;  Wilkesbarre,  R.  V.  A.  Norris. 
South  Carolina. — Charleston,  P.  Vl  Chazal. 
Tennessee. — Cumberland  Gap,    H.  T.    Merwin;    Johnson    City,  C.    W. 

Marsh;  Whitwell,  J.J.  Ormsbee. 
Texas.— Dallas,  W.  Fisher  ;  Eagle  Pass,  W.  Hollis,  G.  G.  Ruttle;  El  Paso, 

D.  W.  Reckhardt ;  ,New  Birmingham,  A.  S.  Mahony;  Shafter,  W.  S. 

Noyes. 
Utah. — Jensen,  A.  G.  Johnson ;  Park  City,  L.  H.  Norton,  W.  A.  Wilson  ; 

Salt  Lake  City  ;  H.  W.  Leavens,  R.  H.  Terlinne. 
Virginia. — Guest  Station,  H.  D.  Conant;  Parkersburg,  E.  Harris,  Pulaski, 

T.  J.  Jones ;  Richmond,  R.  P.  Mullen. 
West  Virgrinia.— Franklin,  T.  W.  Osterheld. 
Wisconsin. — Hurley,  G.  H.  Abeel. 
Wyomingr.— Railings,  C.  E.  Blydenburgh. 
Washington. — ^Tacoma,  H.  S.  Kissam,  G.   F.   Milliken;  Seattle,  T.  L, 

Warner. 


—  79  — 

OUT  OF  THE  UNITED  STATES. 

AUSTRALIA. 
New  South  Wales.— Randolph  Adams. 

BUBOPB. 

Austria. — Vienna,  L.  R.  Nettre. 

Bnerland. — London,  F.  M.  Watson. 

Germany.— Berlin,  K.  E.  Eilers,  C.  H.  Torrey,  Heidelberg,  F.  D.  Dodge. 

NORTH  AMBRICA. 

British  ColumbicL — Revelstoke,  F.  Roeser. 
Canada. — Golden,  S.  S.  Fowler. 

SOUTH  AMBRICA. 

Argentine  Republic. — 11.  Mulford. 

Brazil. — Rio  de  Janeiro,  John  Gordon. 

Chili.— Autofagasta,  A.  F.  Wendt. 

Peru. — Lima,  R.  Peele,  Jr. 

United  States  of  Colombia,  S.  A.—  Cana,  E.  N.  Van  Cortlandt. 

CBNTRAL  AMBRICA. 

Costa  Rica.— Pun tarenas,  P.  LeR.  Fearn. 

Cuba. — Cardenas,  D.  L.  Clark;  Cienfuegos,  A.  C.  Fowler;  Matanzas,  Y.  Y. 

PoUedo. 
Guatemala. — Quezaltenang,  J.  F.  Hawley. 
Honduras.— Tegucigalpa,  E.  C.  Fiallos. 
Mexico. — Coahuila,  J.  J.  MacTeague ;  City  of  Mexico,   V.  M.  Braschi ; 

Sinaloa,  A.  E.  Swain  ;  Sierra  Mojada,  E.  Howe  ;  Tapachula,   Chiopas, 

J.  A.  Navarro;  Concepcion  del  Oro,  A.  W.  Lilliendahl,  F.  A.  Lillien- 

dahl. 

AFRICA. 

Egypt.- Port  Tewfiz,  E.  B.  Gosling. 


LIST  No.  5. 


Contains  the  Names  of  Graduates  and  Members  of  the 
Alumni  Association  of  the  School  of  Mines  \Arho  are 
no  longer  living.  The  first  date  is  that  of  the  Class  of 
which  the  deceased  was  a  Member,  and  the  second 
date  is  the  year  in  which  he  died. 

Graduates  learning  of  the  death  of  a  Classmate  or  other 
Alumnus,  will  confer  a  favor  by  notifying  the  Secre- 
tary of  the  Association  of  such  fact  with  the  dates. 

(Revised  to  December,  1891.) 
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Agnew,  C.  R ,  Honorary  Member 1888 

Barnard,  F.  A.  P.,  Honorary  Member 1889 

Blossom,  Thomas  M 1869  J876 

Browning,  Frederick  D 1880  1885 

Bruen,  Frederick  E 1876  1884 

Clarke,  Henry  G 1877  [881 

Conant,  Thomas  P 1882  1891 

Craven,  Francis  C 1876  1890 

Dougherty,  Oscar  V 1882  1889 

Duncan,  William  P 1884  1889 

Endicott,  George 1883  1889 

Fernekes,  Anton 1878  1884 

Foote,  Herbert  C 1876  1888 

Glover,  Charles  G 1884  1888 

Gracie,  Charles  King 1867  1891 

Haight,  Ogden 1870  1891 

Helleberg,  Frank  Stewart 1877  1883 

Hicks,  George  Jewett 1890  1891 

Hodges,  Henry  A 1878  1883 

Hopke,  Frank  E 1888  1890 

Irving,  Roland  Duer 1869  1888 

Jenney,  Frank 1872  1876 

Joy,  Douglas  Arad 1875  188§ 

Lamson,  Robert 1875  1876 

McGennis,  J.  W..  Jr 1884  1890 

Mackintosh,  James  Buckton 1877  1891 

MacMartin,  Archibald 1868  1881 

Macy,  Arthur 1875  1891 

Maaon,  Carl  Schultz 1889  1889 

Moeller,  Walter 1884  1887 

Newton,  Henry 1869  1877 

Northrop,  John  1 1884  1891 

Olmstead,  Owen  Frederick 1878  1881 

Parker,  OthyB 1888  1891 

Priest,  James  R 1877  1880 

Putnam,  Bayard  T 1875  1886 

Schoney,  Emanuel 1884  1888 

Sheldon,  Gardner  H 1879  1889 

Smalley,  Wallace  A 1880  1886 

Stewart,  Francis  B 1879  1879 

Stoekwell,  Nathaniel  S 1882  1888 

Stodder,  Robert  H 1886  1887 
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Constitution 

OF  THE 

ASSOCIATION  OF  THE  ALUMNI 

OF  THE 

SCHOOLofMINESofCOLUMBIA  COLLEGE 


INCORPORATED  MAY,  1886. 


ARTICLE  I. 

NAME. 

The  name  of  this  Association  is  "  The  Association  of  the  Alumni 
of  the  School  of  Mines  of  Columbia  College,*' 

ARTICLE  II. 

OBJECT. 

The  object  of  this  Association  is  to  promote  the  professional 
welfare  of  its  members,  and  to  strengthen  the  bonds  of  professional 
and  social  fellowship  among  the  Alumni  of  the  School  of  Mines. 

ARTICLE  III. 

MEMBERS. 

Section  i.  The  membership  in  this  Association  shall  be:  I. 
Active.     II.  Associate.     III.  Honorary. 

Sec.  2.  All  graduates  of  the  School  of  Mines  are  eligible  to 
active  membership  in  this  Association. 

Sec.  3.  Persons  who  have  completed  any  of  the  special  or  gradu- 
ate courses  of  the  School  of  Mines  are  eligible  to  associate  mem- 
bership in  this  Association. 

Sec.  4.  JPersons  eminent  in  science  who  are  or  have  been  con- 
nected with  the  School  of  Mines  are  eligible  to  honorary  member- 
ship in  this  Association. 
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Sec.  5.  All  members  shall  be  elected  by  the  Association  upon 
proposal  by  the  Board  of  Managers. 

Sec.  6.  Honorary  and  associate  members  shall  have  all  the  privi- 
leges of  active  members,  except  those  of  voting  and  holding  office. 

ARTICLE  IV. 

DUES. 

Sec.  I.  The  annual  dues  of  active  and  associate  members  of 
this  Association  shall  be  three  dollars,  payable  in  advance  on  the 
first  day  of  October  in  each  year.  Honorary  members  shall  not 
be  required  to  pay  dues. 

Sec.  2.  Any  member  not  in  arrears  may  become  a  life  member, 
and  be  relieved  from  further  payment  of  annual  dues  by  the  pay- 
ment, at  any  one  time,  of  fifty  dollars. 

Sec.  3.  Members  one  year  in  arrears  may,  after  due  notification, 
be  dropped  from  the  roll,  by  vote  of  the  Board  of  Managers,  and 
shall  then  forfeit  their  rights  and  privileges  in  the  Association 
until  all  arrears  are  paid,  or  until  reinstated  by  the  Board. 

Sec.  4.  Only  those  members  not  in  arrears  shall  be  entitled  to 
vote  or  hold  office. 

ARTICLE  V. 

officers  and  managers. 

Sec.  I.  The  officers  of  the  Association  shall  be  a  President,  a 
Vice-President,  a  Treasurer,  and  a  Secretary.  These  officers  and 
eight  managers,  to  be  elected  as  hereinafter  provided,  shall  con- 
stitute the  Board  of  Managers. 

Sec.  2.  The  President,  Vice-President,  Treasurer  and  Secretary 
shall  hold  office  for  one  year,  and  are  eligible  for  re-election.  The 
Managers  shall  hold  office  for  two  years,  and  are  not  eligible  for 
re-election  until  one  year  after  the  expiration  of  their  terms. 

ARTICLE  VI. 
election  of  officers  and  managers. 

Sec.  I.  Before  the  last  day  of  June  of  each  year  the  President 
shall  appoint  a  committee  of  five  active  members  to  nominate 
for  election  by  the  Association  for  the  ensuing  year  a  President, 
a  Vice-President,  a  Treasurer,  a  Secretary  and  four  Managers. 

Sec.  2.  The  Nominating  Committee  must  send  in  the  nomina- 
tions to  the  Secretary  not  later  than  October  1 5th  of  each  year, 
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and  such  nominations  shall  be  distributed  at  once  to  the  active 
members  in  the  form  of  letter  ballots,  which  must  be  signed  and 
forwarded  to  the  Secretary,  and  opened  and  counted  by  tellers  at 
the  annual  meeting  of  the  Association. 

Sec.  3.  The  officers  and  managers  must  be  residents  of  New 
York  city  or  vicinity,  and  the  four  managers  shall  be  selected,  one 
from  each  of  the  four  groups  into  which  the  Board  of  Managers 
shall,  at  its  first  meeting  in  each  year,  divide  in  chronological 
order  the  classes  which  have  graduated  from  the  School  of  Mines. 

ARTICLE  VII. 

THE    BOARD   OF    MANAGERS. 

Sec.  I.  The  Board  of  Managers  shall  have  the  management  of 
the  affairs,  funds,  and  property  of  the  Association,  and  it  shall  be 
the  duty  of  the  Board  to  see  that  the  purposes  of  the  Association 
are  carried  out  according  to  its  Constitution  and  By-Laws. 

Sec.  2.  The  Board  of  Managers  shall  hold  at  least  four  regular 
meetings  during  each  year,  namely,  in  the  months  of  January,  May, 
October,  and  December.  Other  meetings  shall  be  called  by  the 
President  as  may  be  required. 

Sec.  3.  The  Board  shall  have  power  to  fill  any  vacancy  in  its 
body  by  the  election  of  an  active  member  of  the  Association 
from  the  group  in  which  such  vacancy  occurs. 

Sec  4.  A  quorum  shall  consist  of  a  majority  of  the  whole  Board. 

ARTICLE  VIII. 

PRESIDENT. 

It  shall  be  the  duty  of  the  President  to  call  and  preside  at  all 
meetings  of  the  Board  of  Managers  and  of  the  Association ;  to 
appoint  such  standing  and  other  committees  of  the  Association  as 
may  be  found  necessary  or  convenient  for  the  conduct  of  its  work, 
and  to  perform  such  other  duties  as  may  devolve  upon  him  by 
virtue  of  his  office. 

ARTICLE  IX. 

TREASURER. 

It  shall  be  the  duty  of  the  Treasurer  to  collect  and  have  cus- 
tody of  all  moneys  and  pay  all  bills  of  the  Association,  but  no 
indebtedness  shall  be  incurred  unless  approved  by  the  Board  of 
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Managers.  No  bill  shall  be  paid  unless  previously  endorsed  by 
the  Secretary.  The  Treasurer  shall  present  to  the  Board  of 
Managers  a  written  report  upon  the  financial  condition  of  the 
Association  at  the  annual  meeting  in  December.  His  accounts 
shall  be  audited  by  a  committee  of  the  Association  appointed  at 
the  annual  meeting. 

ARTICLE  X. 

SECRETARY. 

It  shall  be  the  duty  of  the  Secretary  to  issue  notices  for  all 
meetings  of  the  Board  of  Managers  and  of  the  Association,  to  keep 
minutes  of  all  meetings,  to  record  the  names,  addresses,  and  pro- 
fessional occupations  of  the  members,  and  to  perform  such  other 
duties  as  may  be  assigned  to  him  by  the  Board  of  Managers. 

ARTICLE  XL 

MEETINGS. 

Sec.  I.  The  annual  meeting  of  the  Association  shall  be  held  in 
the  last  week  of  December  in  each  year,  unless  otherwise  ordered 
by  the  Board  of  Managers. 

Sec.  2.  Regular  meetings  of  the  Association  for  social  inter- 
course, or  for  the  discussion  of  subjects  of  general  or  of  profes- 
sional interest,  shall  be  held  in  the  city  of  New  York  at  such  time 
and  place  as  may  be  directed  by  the  Board  o  f  Managers. 

Sec  3.  Upon  the  written  request  of  not  less  than  ten  active 
members,  the  President  shall  call  a  special  meeting  of  the  Asso- 
ciation, which  request,  as  also  the  notice  of  any  special  meeting, 
shall  state  the  object  for  which  the  meeting  is  called. 

Sec.  4.  A  quorum  shall  consist  of  thirty  active  members  of  the 

Association. 

ARTICLE  XII. 

SUSPENSION   OR    EXPULSION. 

Any  member  of  the  Association  may  be  suspended  or  expelled 
for  misconduct  in  his  relations  to  this  Association  or  in  his  profes- 
sion on  proof  thereof  in  such  manner  as  maybe  prescribed  hereafter 

by  By-laws. 

ARTICLE  XIII. 

All  interest  in  the  property  of  the  Association  of  persons  re- 
signing or  otherwise  ceasing  to  be  members  shall  vest  in  the 
Association. 
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ARTICLE  XIV. 

AMENDMENTS. 

Any  amendment  to  the  Constitution  must  first  be  submitted  in 
writing  to  the  Board  of  Managers,  and  must  be  approved  by  a 
vote  of  two-thirds  of  the  whole  Board  before  presentation  to  the 
Association.  Due  notice  of  any  proposed  amendment  shall  be  sent 
by  the  Board  of  Managers  to  every  active  member  of  the  Asso- 
ciation at  least  one  month  previous  to  the  meeting  at  which  such 
amendment  is  to  be  voted  upon.  A  three-fourths  vote  of  the 
members  voting,  in  person  or  by  letter  ballot,  shall  be  necessary 
for  the  adoption  of  such  proposed  amendment. 

BY-LAWS. 

I.  Unless  otherwise  directed  the  Order  of  Business  at  any  meeting 
of  the  Association  and  its  Board  of  Managers  shall  be  as  follows : 

1.  Reading  of  minutes  of  preceding  meetings  and  action 

thereupon. 

2.  Report  of  the  Board  of  Managers. 

3.  Reports  of  officers. 

4.  Reports  of  standing  committees. 

5.  Reports  of  special  committees. 

6.  Elections  and  announcement  of  elections. 

7.  Unfinished  business. 

8.  New  business. 

9.  Appointment  of  committees. 
10.  Adjournment. 

II.  The  absence  of  any  member  of  the  Board  of  Managers  from 
two  consecutive  meetings  of  the  same,  of  which  he  shall  have  been 
regularly  notified,  shall  be  considered  as  a  resignation  on  the  part 
of  such  member,  unless  the  Board  shall  excuse  such  absence.  The 
vacancy  thus  created  shall  be  filled  as  provided  for  in  the  Consti- 
tution. 

III.  The  Standing  Committees  of  the  Board  of  Managers  shall 
be  as  follows : 

1.  On  School  of  Mines  Quarterly. 

2.  On  Badges. 

3.  On  Meetings  of  the  Association. 

4.  Of  Conference  with    the    Columbia    College  Alumni 

Association,  and  such  ether  Committees  as  may  be 
necessary. 
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All  such  committees  shall,  at  the  expiration  of  their  terms  of 
office,  present  written  reports  to  the  Board  of  Managers. 

IV.  The  official  organ  of  this  Association  shall  be  the  School 
OF  Mines'  Quarterly,  which  will  be  furnished  to  all  active  and 
associate  members. 

V.  The  Standing  Committee  on  Meetings  shall  arrange  for 
regular  meetings  of  the  Association  in  October  and  March  of  each 
year  unless  otherwise  ordered  by  the  Board  of  Managers. 

VI.  These  By-Laws  may  be  amended  at  any  regular  meeting 
of  the  Association,  but  only  by  a  vote  of  two-thirds  of  those 
present,  and  provided  that  ten  days'  notice  in  writing  of  the  pro- 
posed amendment  shall  have  been  given  to  the  Board  of  Managers, 
and  also  that  notice  of  the  same  shall  have  been  given  by  the  Sec- 
retary in  the  call  for  the  meeting. 
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GRADUATES  AND  MEMBERS 


OF  THE 


ASSOCIATION  OF  THE  ALUMNI. 


[Note. — Where  the  name  is  followed  by  a  date,  it  denotes  that  the  person  is  no 
longer  living,  and  the  date  is  the  year  of  the  death.] 


Adams,  J.  M.,  1892. 
Bridgham,  S.  W. 
Brunson.  E.  S. 
Brown,  F.  G. 
Church,  J.  A. 


Barnard,  A.  P. 
Baxter,  Q.  S. 
Carson,  J.  P. 
Chester,  A.  H. 
Coursen,  G.  H. 
G^ar,  G.  J. 
Hanna,  G.  B. 
MacMartin,  A. ,  1881. 


Blossom,  T.  M.,  1876. 
Bruckman,  F. 
Campbell,  A.  C. 
Delafield,  A.  F. 
Hooker,  W.  A. 


Haight,  0.,]891. 
Ingersoll,  W.  H. 
Knapp,  J.  A 


1867. 

Cornwall,  H.  B. 
Giddings,  E.  E. 
Gracie,  C.  K.,  1891. 
Hale,  A  W. 
Harding,  G.  E. 

1868., 

Melliss,  D.  E. 
Moffatt,  E.  S. 
Parsons,  G.  H. 
Pennington,  J.  P. 
Pistor,  W. 
Piatt,  C.  S. 
Robertson,  K. 


1869. 

Huntington,  C.  . 
Irving,  R.  D.,  1888. 
Jenney,  W.  P. 
Munroe,  H.  S. 


1870, 

Lilienthal,  J.  L. 
Lindsley,  S. 
Parrot,  E.  M. 


Harmer,  T.  H. 
Heath,  F.  M. 
Tuttle,  W.  W. 
Van  Lennep,  D. 


Shack,  A.  P. 
Schermerhorn,  F.  A. 
Smith,  L. 
Smith,  W.  A 
Stalknecht,  F. 
Van  Arsdale,  W.  H. 
Wheeler,  M.  D. 


Nettre,  L.  R. 
Newton,  H.,  1877. 
Potter,  W.  B. 
Randolph,  J.  C.  F. 


Terhune,  R.  H. 
Van  Wagenen,  T.  F. 
W^aller,  E. 


m 

—  7  — 


Fales,  W.  E.  S. 
Goldschmidt,  S.  A. 
Gt>rdon,  J. 


Austen,  P.  T. 
Jenney,  R,  1876. 


Canfield,  R  A. 
Colton,  C.  A. 


AlleD,  C.  S. 
Beoedict,  W.  de  L. 
Cameron,  J.  G.  M. 
Ledonz,  A.  R. 


Ihlseng,  M.  C. 
lies,  M.  W. 
Jackson,  C.  E. 
Joy,  D.  A.,  1888. 
Lamson,  R.,  1876. 
Leavens,  H.  W. 
Macy,  A.,  1891. 


Austin,  T.  S. 
Bruen,  R  K,  1884. 
Cornwall,  G.  R. 
Craven,  R  C,  1890. 
Foote,  N.  C,  1888. 
Gtirrison,  E.  H. 
Grataeap,  L.  P. 
Hall,  R.  W. 
HamDton,  S.,  Jr. 


1871. 

Ricketto,  P.  de  P. 
Riggs,  G.  W. 
Roberts,  G.  S. 

1872. 

McDowell,  R  H. 
Sloane,  T.  O'C. 

1873. 

Mott,  H.  A. 
Webb,  H.  W. 

1874. 

Lillie,  S.  M. 
Murray,  G. 
Olcott,  E.  E. 
Rees,  B.  R 

1875. 

Noyes,  W.  S. 
Pfister,  P.  C. 
Putnam,  B.  T.,  1886. 
Rees,  J.  K. 
Rolker,  C.  M. 
Russell,  S.  H.,  1892. 
Stewart,  H. 

1876. 

Holbrook,  R  N. 
Hoyt,  W.  L. 
Hunt,  R  R 
Hutton,  F.  R. 
King,  C. 
Lord,  N.  W. 
Love,  E.  G. 
Maghee,  J.  H. 
Morewood,  H.  F. 


Robertson,  K  S.,  Jr. 


Wendt,  A.  F. 


WilUams,  J.  T. 


Rhodes,  R  B.  F. 
Williams,  F.  H. 


Thompson,  M.  S. 
Tucker,  J.  H. 
Vanderpoel,  R 
Wells,  J.  S.  C. 
Wetmore,  E.  A. 
Wright,  A.  A.  • 


O'Grady,  J.  W. 
Randolph,  J.  F. 
Ross,  W.  C. 
Schneider,  A.  R 
Tilden,  G.  C. 
Van  Blarcom,  E.  C. 
Walbridge,  A.  C. 
Wardlaw,  J.  R. 


Barros,  L.  de  S. 
Barus,  C. 
Beard,  J.  T. 
Behr,  E. 


1877. 

Buckley,  C.  R. 
Cady,  L.  B. 
Canfield,  A.  C. 
Cauldwell,  J.  B. 


Clark,  H.  G.,  1881. 
Colby,  C.  E. 
Constant,  C.  L. 
Cornell,  G.  B. 
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Floyd,  F.  W. 
HcUelier^.  F.  S. ,  1 883. 
Hlldreth,  W.  E. 
Ihlseng,  A.  O. 
Jordao,  J.  N.  P. 
Kelly,  W. 


Martin,  E.  W. 
Murphy,  J.  G. 
Nicliols,  R. 
Norris,  D.  H. 
Prieat,  J.  R.,  1880. 
RAdford,  W.  H. 


Mackintosh,  J.  B.,  1891.  Reed,  S.  A. 


Rogers,  C.  L. 
Sage,  E.  E. 
Smeaton,  W.  H. 
Smythe,  R.  M. 
Thacher,  A. 
Van  Boskerck,  K  W. 
Waterbury,  C.  R. 


Adams,  W.  J. 
Benjamin,  M. 
Blydenburgh,  C.  E. 
Downing,  O.  P. 
Drummond,  I.  W. 
Eliot,  W.  G. 
Fernekes,  A.,  1884. 
Haas,  H.  L. 
Haaegewa,  Y.    * 
Hodges,  H.  A.,  1883. 
Holden,  E.  H. 
Hollis,  W. 
Johnson,  E.  M. 
Johnson,  G.  H. 


1878. 

Karr,  C.  P. 
Booraem,  R.  E. 
Brinkerhoff,  G.  C. 
Butler,  W.  P. 
Ijawrenee,  B.  B. 
Lyman,  F. 
Martin,  N. 
McCulloh,  E.  A. 
Morewood,  G.  B. 
Morris,  G.  \V. 
Munsell,  G.  E. 
Murphy,  H.  N. 
Nambu,  K. 
Newberry,  S.  B. 


Cushman,  A.  R. 
Davis,  J.  W. 
Devereux,  W.  B. 
No3^es,  J.  A. 
Olmstead,  0.  F.,  1881 
Owen,  F.  N. 
Palmer,  C.  E. 
Parker,  R.  A. 
Pazos,  V.  F. 
Perry,  N.  W. 
Strieby,  W. 
Willis,  B. 


Bolton,  R. 
Britton,  N;  L. 
Cloud,  L.  G. 
Cornwall,  H.  C. 
Deluze,  L.  P. 
Eastwick,  G.  S. 
Haffen,  L.  F. 
Harker,  C.  S. 
Hathaway,  N. 
Hollerith,  H. 
Hollick,  C.  A. 
Johnson,  I.  B. 


1879. 

Johnston,  R.  A. 
Koch,  E.  C. 
Leggett,  T.  H. 
Ludlow,  E. 
Marsh,  C.  W. 
Mathis,  T.  S. 
Mayer,  R.  E. 
Merwin,  H.  J. 
Milliken,  G.  F. 
Munroe,  O.  M. 
Neftel,  K. 
Nesmith,  J. 


Noble,  C.  M. 
Reed,  W.  B.  S. 
Rhodes,  R.  D. 
Rutherford ,  F.  M. 
Sheldon,  G.  H.,  1889. 
Starr,  H.  F. 
Stewart,  F.  B.,  1879. 
Stone,  G.  C. 
Suydam,  J.  R.,  Jr. 
Williams,  G.  W. 


Becbe,  A.  L. 
Benjamin,  F.  P. 
Browning,  F.  D,,  1885. 
Browning,  J.  H.  B. 
Brugman,  W.  F. 
Butler,  N. 


1880. 

Churchill,  A.  D. 
Clark,  E.  P. 
Elliott,  W. 
Engel,  L.  G. 
Francke,  R.  0. 
Garlichs,  H. 


Greene,  W.  U. 
Grcenleaf,  J.  L. 
Hallock,  A.  P. 
Hendricks,  H.  H. 
Hooper,  L.  M. 
Hopke,  T.  M. 
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Hudson,  E.  H. 
Klepetko,  F. 
Kunliardt,  W.  B. 
Mattison,  J.  G. 
Meissner,  C.  A. 
Merritt,  J.  H. 
Navarro,  J.  A. 


Parker,  A.  Mc(.\ 
Parks,  J.  R. 
Robinson,-  IT.  A. 
Rut t man,  F. 
Singt'r,  (i. 
Sintfor,  (1.  H. 
Suiailey,  W.  B..  18Sr>. 


Smith,  M. 
Tonnele,  T. 
Torrtjy,  C.  H. 
Walker,  J.,  Jr. 
Wheeler,  II.  A. 


Amlresen,  C  A. 
Aschman,  F.  T. 
Bleecrker,  C.  P. 
Braschi,  Y.  M. 
Bush,  K.  R. 
Chazal,  P.  E. 
Colby,  A.  1j. 
Curtis,  C.  (J. 
Douglas,  E.  M. 
Dunham,  E.  K. 
Elliott.  A.  H. 
Furman,  H.  V.  F. 
(iriswold,  W.  T. 


1881. 

Henimer.  F.  A. 
Judd,  C.  B. 
Leary,  1).  J. 
IjeBoutillier,  (\ 
JjediMix,  A.  D. 
Little,  W.  ]\ 
Meserole,  W.  M. 
Neynumn,  P. 
O'Connor,  M.  J. 
O'Connor,  T.  1). 
Pitkin,  ]j. 
Raymer,  (3.  S. 
Richmond,  W.  T. 


Roberts,  A.  C. 
Sawyer,  C.  P. 
Share,  W.  W. 
Starr,  C.  D. 
Stearns,  T.  B. 
Swain"  A.  E. 
Tuttle,  E.  G. 
Van  Sinderen.  A.  II. 
Vulte,  II.  T. 
Wieehmann,  F.  (J. 
Williams,  W.  F. 
Wilson,  H.  M. 


(!alman,  A. 
Conant,  T.  P..  ISOl 
Cooper,  W.  II. 
Crocker,  F.  B. 
Dougherty,  0.  V., 
Downes,  S.  B. 
Downs,  W.  F. 
Km  rich,  A.  F. 
Falk,  D.  B. 
Feuchtwanger,  H. 
Fitch,  C.  L. 
Going,  C.  B. 
Hill,  W. 


18SI 


Aljeel,  G.  H. 
Adams,  R. 
Ayes t as,  A. 
Balch,  S.  W. 
Banks,  J.  II. 
Bardwell,  A.  F. 


1882. 

Illig,  W.  C. 
Joiiet,  (\  II. 
Mesa,  A.  E. 
Moses,  A.  J. 
Oothout,  E.  A. 
Page,  AV.  S. 
Parsons,  W.  B. 
Payne,  C.  Q. 
Porter,  J.  B. 
Powers,  C.  V.  V. 
Sands,  F. 

Shumway,  W.  A.,  1S»)2. 
St4iunton,  W.  F. 

1883. 

Rrereton,  T.  J. 
Brewster,  11.  I). 
Bullman,  V. 
Carre  re,  J.  M. 
Channing,  J.  P. 
Endieott,  (J.,  KSS9. 


Stock  well,  N.  S.,  1 
Toucey,  D.  B. 
Traphagen,  F.  W. 
Vondy,  R.  II. 
Wain  Wright,  J.  II. 
Wanier,  A.  (r. 
Ward,  N.  R. 
White,  W.  S. 
Wilson,  W.  A. 
Wittmack,  (..  A. 
Young,  E.  L. 


sss. 


Ferrer,  V.  F. 
Ferris,  J.  C. 
Fiallos,  E.  C. 
Ilaasis,  1).  F. 
Humbert,  W.  S. 
Lilliendahl,  A.  W. 
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MacTeague,  J.  J. 
McKenna,  C.  F. 
Oznard,  J.  G. 
Painter,  J.  G. 
Paraga,  C.F. 
Peele,  R.,  Jr. 


Adams,  W.  C. 
Alden,  H.  C. 
Baldwin,  W.  M. 
Barnard,  E.  C. 
Barratt,  E.  G. 
Bodelsen,  0. 
Brinley,  J.  R. 
Bryce,  W. 
Buckingham,  F.  E. 
Burritt,  W.  W. 
Corcoran,  J.  T. 
Del  Calvo,  F. 
Duncan,  W.  P.,  1889. 
Dusenberry,  W.  T. 
Easton,  L.  C. 
Fahys,  G.  E. 
Fitch,  J.  H. 
Fitzgerald,  G.  E. 
Fowler,  S.  S. 
Glover,  C.  G.,  1888. 
Gosling,  E.  B. 


Amy,  E.  J.  H. 
Barkley,  H.  F. 
Bemis,  F.  P. 
Brennan,  A.  J. 
Bush,  W.  F 
Cary,  G. 
Clark,  F  S. 
Cozzens,  H. 
Crowell,  C.  B. 
Detwiller,  C.  H. 
Doolittle,  C.  H. 
Dwight,  A.  S. 
Eddie,  E.  C. 
Engelhardt,  E.  N. 
Graff,  C.  E. 
Hart,  B. 


Powell,  F 
Randolph,  E. 
Renault,  G. 
Rich,  J.  M. 
Richardson,  J.  C. 
Ridsdale,  T.  W. 

1884. 

Griffin,  S.  P. 
Gross,  L.  N. 
Horn,  J.  T. 
Kemp,  J.  F. 
Lamb,  A.  J. 
Luttgen,  E. 
McGenniss,  J.W.  Jr.,  1890 
McKim,  R.  A.. 
McLoughlin,  C  S. 
Miller,  C.  W. 
Moeller,  W.,  1887. 
Moran,  D.  E. 
Morgan,  W.  F. 
Mulford,  R. 
Napier,  A.  H.  , 

Newberry,  W.  E. 
Newbrough,  W. 
Nolan,  F. 

Northrop,  J.  I.,  1891. 
Nye,  A.  C. 
Painter,  C.  A. 


Suter,  G.  A. 
Tibbals,  G.  A. 
Tower,  A.  E. 
Walker,  A.  L. 
Weed,  W.  H. 


1885. 

Hawkes,  E.  McD. 
Hildreth,  R.  W. 
Hollis,  H.  L. 
Huntington,  F.  W. 
Ingram,  E.  L. 
Johnson,  A.  G. 
Lacombe,  C.  F. 
Ijee,  G.  B. 
Mannheim,  P.  A.  L. 
Mari6,  L. 
Meyer,  H.  H.  B. 
Merrill,  F.  J.  H. 
Miller,  C.  L. 
Moldehnke,  R.  G.  G. 
Noble,  L.  S. 
Norris,  R.  V.  A. 


Pearis,  C.  F. 
Pellew.  C.  E. 
Post,  A.  S. 
Powers,  L.  J. 
Proctor,  W.  R. 
Reckhardt,  D.  W. 
.Roeser,  F. 
Rood,  R.  G. 
Rowland,  C.  B. 
Rupp,  P.,  Jr. 
Schoney,  E.,  1888. 
Sherman,  F.  D. 
Slack,  C.  G. 
Smedberg,  H.  A. 
Snook,  T.  E. 
Speyers,  C.  L. 
Tibbals,  S.  G. 
Value,  B.  R. 
Walbridge,  F.  K. 
Wood,  G.  E. 


Page,  G.  S. 
Pierce,  H.  N. 
Polledo,  Y.  Y. 
Sanders,  W.  E. 
Shope,  H.  B. 
Starek,  E. 
Struthers,  J. 
Thomas,  F.  M. 
Titus,  W.  H. 
Van  Cortlandt,  E.  N. 
Watson,  F.  M. 
Whitman,  E.  P. 
Wilteie,  E.  A. 
Woolson,  I.  H. 
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AgramoDte,  E.,  Jr. 
AgramoDte,  J.  C. 
Bell,  H.  M.,Jr. 
Berry,  W.  Q. 
Casey,  E.  P. 
CoDant,  H.  D. 
Edwards,  R.  M. 
Frankfield,  E. 
Good,  G.  McC.  H. 
Home,  W.  D. 
Howe,  E. 


Aldridge,  W.  H. 
Appleby,  W.  R. 
Bellinger,  H.  P. 
Bien,  J.  R. 
Bums,  A.  L. 
Bums,  E.  Z. 
Butler,  W.  C. 
Church,  E.  D. 
Cole,  H.  M. 
Congdon,  E.  A. 
Cox,  J.  S.,  Jr. 
Darwin,  H.  G. 
Davis,  C.  H. 
Donnell,  H.  E. 
Ferguson,  W.  C.  A. 
Gage,  S.  E. 
Goldsmith,  B.  B. 
Gudeman,  E. 


Allen,  R.  L. 
Appleby,  J.  S. 
Baker,  G.  L. 
Bartlett,  F.  R. 
Bechstein,  C.  A. 
Beckwith,  C.  E. 
Berry,  G. 
Colt,  S.  B. 
Comstock,  C.  N. 
Dodge,  F.  D. 
Dodsworth,  W.  A. 
Dow,  A.  W. 
Fisher,  W. 
Frank,  J.  W. 


1886. 

Janeway,  J.  H. 
Jenks,  A.  W. 
Kissam,  H.  S. 
Lederle,  E.  J. 
Lee,  H.  C. 
Newhouse,  E.  L. 
Norton,  L.  H. 
Ormsbee,  J.  J. 
Osterheld,  T.  W. 
Peck,  S.  B. 
Porter,  H.  H. ,  Jr. 

1887. 

Heinsheimer,  A.  M. 
Huntting,  H.  O. 
Jacobs,  D.  M. 
Jacobs,  S.  J. 
Jeup,  B.  J.  T. 
Lahey,  J. 
Lahey,  R. 
Luquer,  L.  McI. 
Lusk,  G. 
MacKaye,  H.  S. 
Mannheim,  H.  C. 
Marsh,  J.  R. 
Middle  ton,  J. 
Moeller,  R. 
Muller,  G. 
Nichols,  H.  P. 
Primelles,  J.  A. 
Restrepo,  C. 

1888. 

Gardner,  W.  D. 

Hebert,  O.  B. 

Hopkc,  F.  E.,  1890. 

Jones,  W.  D. 

Koen,  J.  J. 

Lenox,  L.  R. 

Lipps,  H.,  Jr. 

McTlvaine,  A.  R. 

Maclay,  J. 

Morgan,  L- 

Miller,  R.  P. 

Munoz  del  Monte,  A.  C. 

Parker,  0.  B.,  1891. 

Parsons,  H. 


Ryon,  A.  M. 
Spooner,  A.  N. 
Stodder,  R  H.,  1887. 
Stuart,  W.  H. 
Thompson,  H.  C. 
Trowbridge,  S.  B.  P. 
Van  Brunt,  A.  H. 
Von  Nardroff,  E.  R. 
Wallace,  W.  J. 
Wheatley,  J.  Y. 
Wilson,  C.  E. 


Rice,  G.  S. 
Rowland,  G. 
Rutherford,  L.  H. 
Schieffelin,  W.  J. 
Seligman,  J.  G. 
Siraonds,  F.  M. 
Slade,  R.  E. 
Stanton,  F.  McM. 
Staunton,  J.  A.,  Jr. 
Stevens,  A. 
Tower,  F.  W. 
Trask,  G.  F.  D. 
Tyler,  W.  L. 
Warner,  J.  L. 
Wels,  P.  0. 
Wertheimer,  L. 


Perciv«l,  G.  S. 
Perkins,  T.  S. 
Schumann,  C.  H. 
Shriver,  H.  T. 
Smith,  F.  P. 
Smyth,  C.  H. ,  Jr. 
S  tough  ton,  A.  A. 
Taylor,  J.  B. 
Tucker,  A. 
Van  Dyck,  E. 
Van  Volkenburgh,  E. 
Volckening,  G.  J. 
Wampold,  L. 
Ward,  D.  W. 
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Atha,  H.  G. 
Berry,  G. 
Brown,  11.  G. 
Cramer,  S.  W. 
Cromwell,  J.  W. 
Denton,  F.  W. 
Dresser,  D.  LeR. 
Eastwick,  E.  P. 
Eilerfl,  K.  E. 
Escobar,  F. 
Fearn,  P.  LeR. 
Fowler,  A.  C. 
Freed  man,  W.  H. 
Gifford,  S.  D. 
Griffith,  V.  C. 
Grii^gs,  W.  E. 
Guiterman,  E.  W. 


188G. 

Harrington,  T.  H. 
Harris,  E. 
Heinze,  F.  A. 
Holt,  M.  B. 
Ives,  A.  S. 
Jopling,  R.  F. 
Luquer,  T.  T.  P. 
Mabonj',  A.  S. 
Mapes,  C.  H. 
Mason,  C.  S.,  1889. 
Ma**sa,  C.  G. 
Matthews,  C.  T. 
Monell,  J.  T. 
Mosle3%  R.  K. 
Oseransk}',  I.  H. 
Piez,  C.  ^ 
Post,  A,  Van  Z. 


Preston,  W.  E. 
Provost,  A.  J.,  Jr. 
Provot,  G. 
Raymond,  R.  M. 
Raynor,  R. 
Rogers,  0.  L. 
Schroeder,  J.  L. 
Skidmore,  S.  T. 
Small,  F.  M. 
Smith,  A. 
Smith,  F.  M. 
S tough  ton.  C.  W. 
Waters,  G.  S. 
Wedekind,  E.  H. 
Welkes,  E.  F. 
Weeks,  W.  H 
Whitlock,  H.  P. 


Andrews,  S.  W. 
Beck  with,  G.  A. 
Behlen,  H. 
Betts,  R.  T. 
Black,  A.  L. 
Blake,  E.  M. 
Book,  D.  D. 
Bradley,  S.  R. 
Buckland,  W.  A. 
Cairns,  F.  T. 
Carson,  J. 
Clark,  D.  L. 
Clayton,  W.  R. 
Colton,  F.  G. 
ConnelK  H.  R. 
Coykcndall,  T.  C. 
Davis,  W.  M. 
Deghnee,  J.  A. 


1890. 

Douglas,  J.  S. 
Ferguson,  (r.  A. 
Fisher,  L.  W. 
Foye.  A.  E. 
Gudewill.  C.  E. 
Gould,  E.  C. 
Hart,  C.  H. 
Hewlett,  J.  M. 
Hicks,  G.  J.,  1891. 
Hi n man,  B.  C. 
Hooper,  F.  C. 
Hoyt,  J.  S. 
Hurlburt,  E.  D. ,  Jr. 
Jarmulowsky,  M. 
Jones,  T.  J. 
Kohn,  R.  D. 
Korn,  L. 
Levy,  A.  L. 


Lichtenst-ein,  E.  G. 
Lowndes,  W.  S. 
McKleroy,  W.  H. 
Mann,  H.  B. 
Massa,  L.  F. 
Meikleham,  T.  M.  R. 
Montenegro,  M.  R. 
Parker,  H.  C. 
Portuondo,  J. 
Post,  W.  S. 
St.  John,  T.  M. 
Steers,  J.  R. 
Thorne,  W.  L. 
Wainright,  R.  T. 
Warren,  C  P. 
Welch,  A.  McM. 
Welsh,  H.  F. 


Ander.-on,  Geo. 
Bliss,  v.  P. 
Blos.som,  F. 
Boecklin,  W. 
Boyd,  R.  C. 


1891. 

Brosnan,  F.  X. 
Cristy,  E.  B. 
Goodwin,  E. 
Hawley,  J.  F. 
Holter,  N.  B. 


Hornbostel,  H.  F. 
Keeler,  F.  S. 
Kin.sey,  F.  W. 
Langthorn,  J.  S. 
Leary,  Geo. 
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Lilliendahl,  F.  A. 
Livingston,  A.  R. 
Mahl,  J.  T. 
Miller,  E.  H. 
Mora,  M.  L. 


Raymond,  A. 
Skinner,  E. 
Strout,  W.  A. 
Thomas,  R  C. 
Totten,  G.  0.,  Jr. 


Tucker,  S.  A. 
Tuska,  G.  R. 
Warren,  L. 
Watson,  R.  B. 
Wiener,  Wm. 


Ansbacher,  L.  A. 
Anthon,  A. 
Bergen,  C.  H. 
Bolles,  R. 
Burden,  H.,  2d. 
Casauiajor,  G.  H. 
Clarke,  W.  C. 
Dolan,  C.  F. 
Dufoureci,  K.  L. 
Durham,  E.  B. 
Butcher,  B.  fi. 
Fenner,  C.  N. 
Friedman,  S. 


1892.* 

Gillette,  H.  P. 
Granger,  A.  D. 
Hay,  A. 

Herckenrath,  W.  A. 
Jackson,  0. 
Kletchka,  J.  J. 
Livingston,  G. 
Longacre,  L.  B. 
Jiord,  F.  R. 
Mcllhiney,  P.  C. 
McKinlay,  J.  B. 
31eisel,  F.  C.  A. 
Merz,  E. 


Pierce,  F.  E. 
Reckhart,  G.  F. 
Ries,  H. 
Rosenthal,  A. 
Savage,  S.  M. 
Southard,  G.  C. 
Temple,  S.  J. 
Towart,  J. 
Werner,  H.  C. 
White,  R.  D. 
Windecker,  C.  N. 
Windolph,  A.  P. 


*  The  names  of  members  of  the  Ch^s  uf  '02,  graduated  in  June,  have  not  been 
put  in  the  Alphabetical  Lints. 


LIST  No.  2. 


This  list  embraces  the  members  of  the  Alumni 
Association  of  the  School  of  Mines  under  the 
Constitution  of  that  body.  It  is  urged  that  all 
graduates  of  the  School  should  list  themselves 
under  this  group.  Names  not  foutid  here  are 
grouped  in  List  No.  3,  which  includes  graduates 
-who  are  not  also  members.  All  graduates  are 
requested  to  try  to  make  and  keep  this  list  correct 
and  accurate. 
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<IK  THE 


ALUMNI  ASSOCIATION  OF  THE  SCHOOL  OF  MINES. 


Abeel,  George  Howard,  E.M., 1883. 

Box  533,  Hurlov,  \Vis. 

lHKi-1884,  Chemist  Inui  Clitls  Co.,  Negauuee,  Mich.  18t<5-rss8,  Assistant  Manager 
Iron  Cliffs  Vak  l.SSs  \t^f^\),  .Manajjor  Ironton  Iron  Mining  Co.,  and  Agent  Pilgrim 
Mining  Co.  1SH9,  Sw|K.Tvisor  Bessemer  Townshiji,  Ciogebic  Co.,  Mieh.  IHSS  to  date 
(reneral  Manager  of  Montreal  River  Iron  Mining  Co.,  Hurley,  Wis.,  and  18?SJ»  to  date 
Agent  Ruby  Iron  Mining  Co.,  Bessemer,  Mich. 

Adams,  Randolph,  E.M., 1883. 

Clinton,  Iowa. 
Mining  Engineer,  New  South  Wales,  Australia. 

Adams,  Wjlliam  Ckiitenden,  CE 1884. 

Engineer  for  Economic  Clas  Motor,  etc..  New  York  City. 

Agramonte,  Emilio,  C'.E., 1886. 

118  K.  Sevvntoenth  Street,  New  York  City. 

Aldridge,  Walter  Hull,  E.M., 1887. 

Colorado  Smelting  Co.,  Pueblo,  Colo. 
Beginning  July,   1S87,  Assiiycr  at  Colorado  Smelting  Co.,  Pueblo.     At  different 
times.  Chemist  of  Colorado  Smelting  Co.,  Pueblo.     August,  1890,  and  at  present  Me- 
tallurgist of  Colorado  Smelting  Co.,  Pueblo. 

Allen,  ('has.  Sumner,  Ph. B.,  M.I).,       ....     1874. 

Per  Ad.  1107  Market  Street,  Philadelphia,  Vi\. 
Practicing  Physician. 

Allen,  Robert  Lawrence,  A.M.,  E.M.,  .  .     1888. 

102  Cambridge  Place,  Brooklyn,  N.  Y. 
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Amy,  Ernest  Julius  H  yacinthb,  A.B.,  E.M.,        .        .    1885. 

Durango,  Colo. 
1885-1886,  Chemist  and  Assayer  at  works  of  the  San  Jaan  and  N.  Y.  M.  and  S.  Co., 
at  Durango,  Colo.,  with  the  exception  of  three  months'  professional  visit  to  Old 
Mexico.  1886-1887,  Assistant  Manager  of  the  San  Juan  and  N.  Y.  M.  and  S.  Co.,  at 
Durango,  Colo.  1887-1888,  Manager  of  the  Hazeltou  Mountain  Mining  Co.,  at  Sil- 
verton,  Colo.  1888  to  April  1,  1890,  Assistant  Manager  of  Works  of  the  San  Juan 
Smelting  and  Mining  Co.,  at  Durango,  Colo,  (the  S.  J.  S.  and  M.  Co.  being  formed  by 
the  consolidation  of  the  S.  J.  and  N.  Y.  M.  and  S.  Co.,  of  Durango  and  the  Hazelton 
Mt.  Mfg.  Co.,  of  Silverton,  Colo.)»  Since  April  1,  1890,  Greneral  Manager  of  the  San 
Jnan  Smelting  and  Mining  Co..  at  Durango,  Colo. 

Andrews,  Samubl  Wakeman,  Jr.,  Ph.B.,     .        .        .     1890. 

35  W.  Forty-second  Street,  New  York  City. 

Anthon,  Archibald  (Associate), 1892. 

13  West  35th  Street,  New  York  City. 
Appleby,  W.  R.,  A.B.  (Associate), 1887. 

Professor  of  Mining  aud  Metallurgy,  Univereity  of  Minnesota,  3Iinnea- 
polis,  Minn.,  29  Bentley  Avenue,  Jersey  City,  N.  J. 

Atha,  Hewry  Gurney,  Ph.B., 1889. 

756  High  Street,  Newark,  N.  J. 

Austen,  Peter  Townsend,  Ph.B.,  Ph.D.,  .        .     1872. 

New  Brunswick,  N.  J. 
1877-1880,  Assistant  Professor  of  Analytical  Chemistry,  Rutgers  College.     1880- 

1889,  Professor  of  General  and  Applied  Chemistry,  Rutgers  College.     1891,  resigned. 

Austin,  Thomas  Septimus,  E.M., 1876. 

Socorro,  N.  M. 
1877-1878,  in  Cuija  as  Chemist.    1879-1880,  Assayer  Germania  Smelting  Co.    1880- 

1890,  Superintendent  Rio  Grande  Smelting  Co.,  Socorro.  N.  M. 


B. 
Baker,  George  Lewis,  Ph.B., 1888. 

Address  unknown. 

Balch,  Samuel  Weed,  E.M., 1883. 

P.  0.  Box  730,  Yonkers,  N.  Y. 
1883-1884,  Otis  Elevator  Co.    1884-1886,  Mowing  Machines.     1886-1889,  Garvin 
Machine  Co.,  Tools  and  Special  Machinery.    1889  to  date,  General  consulting  practice 
as  Mechanical  Expert  and  Patent  Attorney.  Specialty,  Difficult  Mechanical  Problems. 

Baldwin,  William  M.,  Ph.B.  (Life  Member),         .         .     1884. 

Garden  City,  Queens  Co.,  N.  Y. 
Since  1885,  Chemist  for  the  New  York  Dye  Wood  Extract  and  Chemical  Co.    Since 
1888,  Vice-President  of  the  above  corporation,  and  at  present  having  charge  of  their 
manufacturing  department,  at  55  Beekman  Street,  New  York  City. 

Banks,  John  Henry,  E.M., 1883. 

104  John  Street,  New  York  City. 
Chemist,  Assistant  in  Assaying  and  Analytical  Chemist.    Specialty,  Metallurgical 
Products. 
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Bardwell,  Alonzo  Frick,  E.M, 1883. 

318  Cooper  AveDue,  Aspen,  Col. 

Barnard,  Edward  Chester,  E.M.,        ....     1884. 

U.  S.  Geological  Survey,  Washington,  D.  C. 
Assistant  Topographer  and  at  present  Topographer  in  the  United  States  Geological 
Survey,  1884-1891.     Have  been  engaged  in  mapping  in  Virginia,  West  Virginia,  and 
the  mountains  of  East  Kentucky. 

Barratt,  Edgar  Grant,  C.E., Ih84. 

374  The  Rookery,  Chicago,  111. 
1884-1888,  Engineer  for  The  Exhaust  Ventilator  Co.     1888  to  date,  President  and 
Proprietor  of  The  Exhaust  Ventilator  Co.     1891  to  date,  President  and  General  Man- 
ager of  the  Variety  Manufacturing  Co.    Fill  the  above  positions  at  present  and  am 
consulting  Ventilating  and  Heating  Engineer. 

Bartlett,  Frank  Rout,  C.E., 188M. 

Care  R.  &  I).  R.R.,  Winston,  Salem,  N.  C. 
1888  to  date.  Assistant  Engineer  Maintenance  of  Way  on  Atlanta  and  Charlotte 
Division  of  Richmond  and  Danville  Railroad. 

Barus,  Carl,  Ph.D.  (Associate), 1877. 

National  Museum,  Washington,  D.  C. 

Baxter,  George  Strong,  A.B.,  E.M.,    ....     1868. 

17  Broad  Street,  New  York  City. 
1879-1879,  Civil  and  Mining  Engineer.     1880,  Cashier  N.  P.  R.R.     1890,  Treasurer 
N.  P.  R.R. 

Beard,  James  Thom,  E.M.,  C.E.,    .....     1877. 

Address  unknown. 
1879-80,  Assistant  Engineer,  East  River  Bridge. 

Beebe,  Alfred  L.,  Ph.B., 1880. 

21  W.  Fifty-second  Street,  New  York  City. 
1880-1887,  inclusive,  Private  Assistant  to  Prof.  Rickerts,  School  of  Mines,  New 
York,  in  general  analytical  work,  especially  Mineral  Analyses.  Also  Assistant  in 
Assaying  and  Fellow  in  Chemistry,  1881-1887,  inclusive.  1888  to  date,  inclusive. 
Assistant  Chemist,  New  York  Health  I>eiiartmeut,  42  Bleecker  Street,  New  York 
City. 

Behr,  Edward,  C.E., 1877. 

Behr  Bros.  &  Co.,  15  E.  Fourteenth  Street,  New  York  City. 

Bellinger,  Hiram  Paulding,  C.E.,       ....     1887. 

Assay er,  Colorado  Smelting  Co. ,  Pueblo,  Colo. 

Bemis,  Frederick  Pomeroy,  A.B.,  E.M.,       .        .        .     1885. 

109  West  3d  St.,  Davenport  Iowa. 

Benedict,  William  de  Liesseline,  E.M.,  .     1872. 

Welles  Bld'g,  No.  18  Broadway,  Rooms  617  and  618,  New  York  City. 

Benjamin,  Frank  Parkinson,  E.M.,     ....     18bO. 

Broker,  44  New  Street,  New  York  City. 
Benjamin,  Marcus,  Ph.B.,  A.M.  (Lafayette  1888), .        .     1881. 
Ph.D.  (Univ.  Nashville,  1889),  Editor,  15  West  121st  St.,  New  York 
City. 
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1878-1882,  with  £.  B.  BeDJamin,  dealer  in  Chemical  Apparatus.  1882,  Editor  Ameri- 
ean  PkarmaeiH.  1883,  Editor  Weekly  Drug  News.  May,  1883,  to  June,  18a5,  Chemist,  U.  S. 
Laboratory,  New  York.  isa5.  Sanitary  Engineer,  N.  Y.  Board  of  Health.  1886-89, 
Editorial  Staff,  Appleton's  Oydoptedia  American  Biography,  1890,  Editorial  Staff,  En- 
gineering and  Mining  Journal,  chiefly  engaged  in  editing  and  preparing  for  the  press, 
George  F.  Kunz's  Gems  and  Pteciotis  Stones  of  North  America.  1891-92,  Editor  of  Gen- 
eral Guide  to  the  United  RateSj  Handbook  of  Winter  Resorts^  and  Handbook  of  Summer  Re- 
sorts, published  by  D.  Appleton  &  Co.  During  1H84-86,  liecturer  on  (chemistry  at 
New  York  Women's  Medical  College  and  Hospital  for  Women.  At  various  times  on 
editorial  staffs:  of  Scientific  American,  1883-89;  Independent  Oil  Journal,  1886,  and  on 
technical  subjects  in  New  York  Daily  News,  1886  to  date.  New  York  Star,  1890-91 
and  Pkarmaceutical  Record,  1891,  also  of  Appleton's  Annual  Cydopsedia  since  1883. 
Other  work  includes  translation  of  Berthelot's  lectures  on  "Explosive  Materials" 
(New  York,  1883),  authorship  of  DmggisVs  Circular,  Prize  Essay  on  "  Disinfectants," 
authorship  of  chapters  on  "  Mineral  Points"  in  Mineral  Resources  of  the  United  States, 
for  years  1884-86,  and  compilation  of  a  book  of  Poems,  entitled  May  Time  (New  York, 
1889),  and  authorship  of  chapter  on  "Thomas  Dougan  and  the  Granting  of  the  New 
York  Charter,"  1682-1688,  in  The  Memorial  History  of  the  City  of  New  York,  1892.  Con- 
tributor to  Scii'ntific  American,  and  Supplement,  The  Chautauquan,  Harper's  Weekly,  The 
Cosmopolitan,  etc.  Life  fellow  of  the  Loudon  Chemical  Society,  and  of  the  American 
Association  for  the  Advancement  of  Science,  and  member  of  other  ScientiAc  Societies 
in  this  country  and  abroad. 

Berby,  Wilton  Guernsey,  Ph.B.,  ....     1886. 

42  Bleecker  Street.  New  York  City. 
1886-1889,  Universities  of  Berlin  and  Heidelberg  and  General  Chemical  Research. 
1889  to  date,  Assistant  Chemist,  New  York  Health  Department. 

Berry,  George,  C.E., 1888. 

78  Morton  Street,  Brooklyn,  N.  Y. 

BiEN,  Joseph  Rudolph,  E.M., 1887. 

139  buane  Street,  and  P.  0.  Box  3557,  New  York  City. 
1887-88,  Topographer,  U.  S.  Geological  Survey,  Survey  of  Geyser  Basins,  Yellow- 
stone Nat.  Park.  1888-90,  Practice  as  Civil  and  Mining  Engineer,  firm  of  Vermeule 
&  Bien,  Now  York  City.  1890-91,  Practice  as  Civil  and  Topographical  Engineer 
alone,  New  York  City.  At  present,  Julius  Bien  &  Co.,  Lithographers,  Engravers  and 
Geographical  Publishers. 

Black,  Alexander  Leslie,  E.M.,         ....     1890. 

70  Broadway,  New  York  City,  and  222  Gravier  Street,  New  Orleans,  La. 

Bix)ssoM,  Francis,  C.E., 1891. 

Engineer  C.  W.  Hunt  Co.,  45  Broadway,  N.  Y.  City,  and  440  Henry 
St. ,  Brooklyn,  N.  Y. 

Blydenburgh,  Charles  Edward,  A.B.,  A.M.,  E.M.,    .     1878. 

Mining  Expert  and  Prospector,  Box  189,  Rawlings,  Wyoming. 

Bodelsen,  Oscar,  E.M., 1884. 

Consolidated  Gas  Co.,  1547  Broadway,  and  309  W.  One  Hundred  and 
Twenty- seventh  Street,  New  York  City. 

B(ecklin,  Werner,  Jr.,  C.E., 1891. 

Burlington,  (Iowa. 

Book,  DwiGHT  Dana,  C.E.,E.E.(  1892),.  .     1890. 

159  Washington  Park,  Brooklyn,  N.  Y. 
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BooK^M,  Robert  Elmer^  M.E.  (Life  Member),        .         .     1878- 

120  West  58th  St.,  New  York  City. 
1879,  Assayer,  general  work  in  Leadville,  Colorado.  1880-87,  Assistant  Superin- 
tendent, afterward  Manager,  Evening  Star  Mining  Co.,  Morning  Star  Consolidat'od 
Mining  Co.  and  others  at  Leadville,  Colorado,  Lead-silver  Mines  Also  in  charge 
Farwell  Con.  M.  Co.,  Gold  Mines  at  Independence,  Colorado.  1887-90,  General  Man- 
ager Blue  Bird  Mining  Co.,  Ltd.,  Butte,  Montana,  Operating  90-Stamp  Mill,  Dry 
Crushing,  (!hloridizing,  Amalgamating  Process.  1891,  General  (>)nsulting  Mining 
Engineer  and  C/onsnlting  Director  in  Gold,  Silver,  and  Lead-Mining  Companies,  of 
which  a  Specialty  is  made.  Also  Mine  Operator  and  Owner,  Silver  Mines  at  Aspen, 
Colorado. 

Boyd,  Richard  Charles,  Ph.B.,  A.M.  (1892),        .         .     1891. 

50  Charles  St.,  New  York  City. 

Bradley,  Stephen  Rowe,  Jr.,  Ph.B.,     ....     1890. 

45  Broadway,  New  York  City,  and  Nyack,  N.  Y. 
July,  1891  Ui  date.  Secretary  and  Treasurer  Union  Electric  Co. 

Braschi,  Victor  Manuel,  Ph.B.,  E.M.,  C.E.,       .        .     1881. 

Apartado  830,  City  of  Mexico,  Mex. 
June,  1884.  to  October,  1881,  Inspector  of  New  York  Tenement  House  Commission. 
October,  1884,  to  May,  1885,  Interpreter  and  Sec'y  to  Gov.  Chilian  Commissioner  to 
Visit  and  Report  on  American  Mining  and  Smelting.  May,  1885,  to  October,  1885, 
Employed  by  Rend-Rock  Powder  Co.  in  Flood  Rock  Explosion  Work.  October,  1885, 
to  January,  1889,  Assistant  Consulting  Engineer  and  in  Charge  Foreign  Business, 
Rand  Hill  (V>.  January,  February,  March,  1889,  Reporting  on  Mines  in  Mexico  for 
above  Co.,  and  for  one  year  past  engaged  in  intrmlucing  Rand  Rock  Drilling 
Machinery  in  Mexican  Mines.     Mexico,  April  2,  1891. 

Brereton,  Thomas  J.,  A.B.,  1879,  C.E.,         .         .        .     1883. 

Osceola  Mills,  Pa. 
1879,  Rodman  on  Loc^ition  of  Redstone  Br.  P.  R.  R.     1880  and  1881  (Summers)  on 
New  York  Stato  Geodetic  Survey  of  Adirondacks.     18a3-85,  Leveller  P.  R,  R.  Clear- 
field Co.  Surveys  and  Construction.     On  Corps  of  Engr.  M.  of  W.  P.  R.  R.     1888-89, 
Assistant  Su^icrvisor,  P.  R.  R.    1890  to  present  date.  Supervisor  Tyrone  Div.,  P.  R.  R. 

Brewster,  Henry  Draper  (Associate),  ....     1883. 
White  Plains,  N.  Y. 

Britton,  Nathaniel  Lord,  E.M.,  Ph.D.,       .  .     1879. 

Columbia  College,  School  of  Mines,  New  York  City. 
Assistant  of  Geology,  School  of  Mines,  1879-1887.  Instructor  in  Botany,  Coluuibia 
College,  1887-1890.  Adjunct  Professor  of  Botany,  Columbia  College,  1890-18JJ1. 
Assistant,  Geological  Survey  of  New  Jersey,  1880-1887.  Botanist,  Geological  Survey 
of  New  Jersey,  1881-1890.  Field  Assistant,  U.  S.  Geological  Survey,  1^82.  Professor 
of  Botany,  1891.     Specialty — Systematic  Botany. 

Brosnan,  Francis  Xavier,  C.E., 1891. 

146  W.  Seventy-fourth  Street,  New  York  City. 

Brown,  Francis  G.,  E.M., 1867. 

Merchant,  116  E.  Twenty-seventh  Street,  New  Y'ork  City. 

Browning,  John  H.  Brower,  M.D.  (Associate),  1880. 

120  E.  Thirty-fourth  Street,  New  York  City. 
College  of  Physicians  and  Surgeons  of  City  of  New  York,  in  year  1882.   Afterwards 
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Assistant  Physician,  New  York  City  Insane  Asylom,  Ward's  Island,  1882-83.  House 
Physician  and  Surgeon  to  St.  Francis  Hospital,  1883-85.  At  date,  Member  County 
Medical  Society  of  Now  York,  Member  Physicians*  Mutual  Aid  Association,  Fellow 
American  Geographical  Society,  and  Assistant  to  Chair  in  Surgery,  New  York  Poly- 
clinic, Medical  Examiner  for  Presbyterian  Board  of  Foreign  Missions,  General  Prac- 
titioner of  Medicine  and  Surgery. 

Bruoman,  William  Frederic,  Ph.B.,   ....     1880. 

One  Hundred  and  Forty-fourth  Street  and  Southern  Boulevard,  New 
York  City,  and  Los  Angeles,  Cal. 

Bryce,  William,  Jr.,  Ph.B., 1884. 

40  W.  Fifty-fourth  Street,  New  York  City. 

Buckley,  Charles  Ramsay,  A.B.,  A.M.,  E.M.,  .     1877. 

29  Broadway,  New  York  City. 

Bo llman,  Charles,  Ph.B., 1883. 

Mining  Engineer,  Plainfield,  N.  J. 

Burden.  Henry,  2d.,  A.B.,  Ph.B 1892. 

121  East  35th  Street,  New  York  City,  and  Cazenovia,  N.  Y. 

Burns,  Abraham  Lincoln,  E.M., 1887. 

3  Worth  Street,  New  York  City,  and  297  Halsey  Street,  Brooklyn,  N.  Y. 
Since  November,  1887,  witii  Mesara.  Jabez  Burns  &,  Sons  (Millwrights  and  Machiu> 
ists,  and  Mannfacturera  of  Patented  Machines  for  Treating  Ooffee  and  Spices).  Since 
July,  1890,  in  above  firm.  Professional  work  has  been  general  shop  draughting  and 
machine  design,  and  arranging  machines  and  power  transmission  in  coffee  establish- 
ments. 

Burns,  Elmer  Z.,  E.M., 1887. 

Niagara  Falls,  N.  Y. 

BURRITT,  WiLMOT  WoODWARD,  Ph.B.,      ....       1884. 

Chemist,  Englewood,  N.  J. 

Bush,  Edward  Renshaw,  E.M., 1881. 

Mining  Engineer,  with  Kicketts  &  Banks,  104  John  Street,  New  York 
City. 

Butler,  Nathaniel,  E.M., 1880. 

51  Cedar  Street,  Room  8,  New  York  Cky,  and  Glen  Ridge,  Bloom- 
field,  Essex  Co.,  N.  J. 

1880-1882,  U.  S.  Harbor  Improvement  and  Railroad  Engineering.  1882-1888,  Sur- 
veyor for  Barlow's  Insurance  Surveys.  1888-1891,  Superintendent  of  Barlow's  Insur- 
ance Surveys. 

Butler,  William  Curtis,  M.E., 1887. 

Box  148,  Iron  wood,  Mich.,  and  175  Division  Street,  Paterson,  N.  J. 
1H87-1889,  Assayer,  El  Paso  Smelting  Co.,  El  Paso,  Texas.  1889-1890,  Chemist, 
afterward  Assistant, Superintendent,  Arkansas  Valley  Smelting  Co.,  Leadville,  Colo. 
1890,  Chemist,  now  Assistant  Manager,  Aurora  Iron  Mining  Co.,  Superior  Mining  Co., 
CV>met  Mining  Co.,  Palone  Iron  Mining  Co.,  Penokee  and  Gogebic  Development  Co. 
(Operating  Colby  and  Tilden  Mines).  Also  in  charge  Irouwood  Electric  Co.,  Gogebic 
Electric  Co. 

Butler,  Willard  Parker,  E.M.,  LL.B.  (Life  Member),     1878. 

Counsellor  at  Law  and  Solicitor  of  Patents,  59  Wall  Street,  New  York 
City. 
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O. 

Calmak,  Albert,  Ph.B.,  Ph.D., 1882. 

332  W.  Fifty-sixth  Street,  New  York  City. 

Canpield,  Augustus  Cass,  E.M., 1877. 

60  W.  Fifty-fourth  Street,  New  York  City. 

Cakfield,  Frederick  A.,  A.B.,  A.M.,  E.M.,  .        .        .    1873. 

Mining  Engineer,  Dover,  N.  J. 

Carson,  James  Pettigrew,  E.M., 18d8. 

Address  unknown. 

Gary,  George,  Ph.B., 1885. 

184  Delaware  Avenue,  Buffalo,  N.  Y. 
Three  years'  study  of  Architecture  in  the ''  ]&x>1e  des  Beaux  Arts,"  Paris,  four  mentions 
and  a  silver  medal.  Competed  for  the  State  Capitol  of  Colorado,  Denver,  for  the  Erie 
Connty  Savings  Bank  Buffalo,  for  the  New  York  Cathedral,  and  for  the  Universalist 
Church,  Buffalo,  and  for  the  Driving  Park  stands  of  Buffalo,  and  am  building  several 
houses  and  the  Medical  Department  of  the  University  of  Buffalo. 

Casey,  Edward  Pearce,  C.E.,  Ph.B.,  (1888),  .     1886. 

Architect,  care  of  Gen.  T.  L.  Casey,  Chief  of  Engineers,  Washing- 
ton, D.  C. 

Cauldwell,  John  Britton,  C.E., 1877. 

Drexel,  Ilaijes  &  Co.,  Paris,  France. 
Channing,  John  Parke,  E,M., 1883. 

Ishpeming,  Mich. 
1883,  Chemist  Hudson  River  O.  and  I.  Co.  1884,  with  S.  E.  Cleaves  &  Son,  Manu- 
facturers of  Mining  Machinery,  Houghton,  Mich.  1884-1885,  Assistant  Managing 
Engineer  Tamarack  Mine,  Calumet,  Mich.,  Dep.  Comm.  Mineral  Statistics,  Michigan. 
1885-1886,  Superintendent  Honduras  Land  and  Navigation  Co.  1886-1887,  Explor- 
ing for  iron  on  the  GK>gebic  Range,  and  Managing  Engineer  for  Milwaukee  L.  S.  and 
Western  Railway,  Superintendent  Iron  Belt  Mine.  1887-1890,  Inspector  of  Mines,  Go- 
gebic Co.,  Mich.  1890  to  date.  Superintendent  East  New  York  Iron  Co.,  Ishpeming.  Mich 

Chazal,  Philip  Edward,  A.B.,  E.M.,     ....     1881. 

68  Meeting  Street,  Charleston,  S.  C. 
1881-1883,  Prospecting  in  Northwest  Georgia.    1883-1889,  State  Chemist  of  Sooth 
Carolina.    1889  to  present,  Partner  in  Shepard  Laboratory,  specialties  Phosphate  and 
Fertilizer  Analysis  and  examination  and  reporting  on  Phosphate  lands  (in  South. 
Carolina  and  Florida). 

Chester,  Albert  Huntingdon,  A.M.,  E.M.,Sc.D.,  Ph.D.,  1868. 

Professor  of  General  and  Applied  Chemistry,  Rutgers  College,  and 
64  College  Avenue,  New  Brunswick,  N.  J. 
Professor  of  Chemistry  at  Hamilton  College  from' 1870  and  Mineralogy  from  1878 
to  1891.  Conducted  the  Analytical  Laboratory  there  from  1871.  C'hemist  New  York 
State  Board  of  Health,  1882.  Examined  and  reported  on  mines  of  iron,  gold,  silver, 
lead  and  zinc,  in  Michigan,  Maine,  Ontario,  Arkansas,  Colorado,  Utah,  Nevada,  Cali- 
fornia, and  Nova  Scotia.  My  analytical  work  has  been  largely  in  two  lines,  viz.,  for 
iron-blast  furnaces  and  of  paints  and  varnishes.  My  field  work  has  been,  a  great  part 
of  it,  in  the  iron  mines  of  Minnesota  and  the  gold  mines  of  Colorado. 

Church,  Elihu  Dwight,  Jr.,  E.M.,        ....     1887. 
Church  &  Co.,  36  Ash  Street,  and  124  Milton  Street,  Brooklyn,  N.  Y. 
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1887-1888,  Fellow  QualiUtive  Analysis,  School  of  Mines.  188&-1889,  Assistant  Su- 
perintendent of  Lead  Mine  and  Concentrating  Works.  1889-1891,  with  Church  &  Co., 
in  charge  of  experimental  plant. 

Cbdrch,  John  Adams,  A.M.,  E.M.,  Ph.D.,      .  1867. 

13  Burling  Slip,  New  York  City.     Cable  address,  Scotist,  N.  Y. 

Clark,  Diego  Lombillo,  C.E., 1890. 

Cardenas,  Cuba. 

Clark,  Edwin  Perry,  E.M., 1880. 

Title  Guarantee  and  Trust  Co.,  26  Court  Street,  and  425  Fifth  Street, 
Brooklyn,  N.  Y. 
1880-1883,  Engineer  and  Surveyor  for  Silver-Lead  Combination,  and  Robert  E.  Lee 
Mining  companies,  Leadville,  Colo.  1883-1884,  Medical  student.  1884  to  date,  Assist- 
ant Superintendent  and  afterwards  Superintendent  Title  Guarantee  and  Trust  Com- 
pany, 55  Liberty  Street,  New  York,  and  26  Court  Street,  Brooklyn.  In  charge  of 
construction  and  maintenauce  of  locality-indexes  of  Real  Estate  Records  of  New 
York,  Kings  and  Westchester  counties,  N.  Y. 

Clark,  Franklin  Sinclair,  E.M.,  Ph.D.,     .        .        .     1886. 

Carolina  Oil  and  Creosote  Co.,  Wilmington,  N.  C,  and  527  Madison 
Avenue,  New  York  City. 
1885-1887,  Chemist  to  Feriioline  Chemical  Co.,  Charleston,  S.  C.     1887  to  date.  Pro- 
prietor of  Southern  Chemical  Works  and  consultiug  chemist  for  the  Caroliua  Oil  and 
Creosote  Co.,  Wilmington,  N.  C.    Specialty,  Distillation  of  Wood  and  refiniug  products 
and  creosoting  wood. 

Colby,  Albert  Ladd,  Ph.B., 1881. 

Bethlehem  Iron  Co.,  South  Bethlehem,  Pa. 
1881-1883,  Assistant  to  Prof.  C.  F.  Chandler  on  New  York  State  Board  of  Health  Bu- 
reau of  Chemical  Analysts.  1883-1886,  Instructor  in  Quantitative  analysis  and  Chem- 
ical Philosophy  in  the  Lehigh  University,  South  Bethlehem,  Pa.  1886  to  date,  Head 
Chemist  of  the  Bethlehem  Iron  Co.,  South  Bethlehem,  Pa.  Specialty,  Metallurgy  of 
Iron  and  Steel. 

Colby,  Charles  Edwards,  E.M.,  C.E.,  ....     1877. 

Adj.  Professor  Organic  Chemistry,  Columbia  College  School  of  Mines, 
New  York  City. 

Cole,  Harold  Morris,  E.M.,  C.E.,         ....     1887. 

Care  of  H.  &  L.  S.  &  R.  Co. ,  Wickes,  Montana. 

Colt,  Stockton  Beekman,  Ph.B., J  888. 

33  E.  Seventeenth  Street,  and  29  E.  Twenty-eighth  Street,  New  York 
City. 
1888-1891,  in  office  of  G.  P.  Post,  architect,  as  above. 

CoLTiiN,  Charles  Adams,  E.M., 1873. 

21  W.  Park  Street,  and  57  Broad  Street,  Newark,  N.  J. 
1873-1882,  Assistant  iu  Mineralogy,  School  of  Mines.  Columbia  College,  New  York. 
1882-1884,  Professor  of  Chemistry  and  Mineralogy,  Rose  Polytechnic  Institute,  Terre 
Haute,  Indiana.    1884  to  date,  Director  and  Instructor  in  Chemistry  and  Physics, 
Newark  Technical  School. 

CoNANT,  Henry  Dunning,  E.M., 1886. 

Coebum,  Wyse  Co.,  Va.,  and  72  E.  Park  Street,  East  Orange,  N.  J. 
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1886-1888,  Assistant  Engineer  Tamarack  and  Osceola  Mines,  Lake  Superior,  and  H. 
and  C.  R.B.  1888-1889,  Assistant  Engineer  on  Preliminary  of  Northern  Michigan 
Kailroad.  1889,  Assistant  in  Chief  Engineer's  Office,  Baffalo  and  Geneva  Bail- 
way.  1889-91,  Assistant  and  Besident  Engineer  Norfolk  and  Western  Bailroad,  in 
charge  of  Preliminary  Location  and  Construction.  1891,  Engineer  Coebum  Land  and 
Improvement  Co. 

CoNQDON,  Ernest  Arnold,  Ph.B., 1887. 

Drexel  Institute  Art8,  Science  aDd  Industry,  Philadelphia,  Pa.,  and  18 
Broadway,  New  York  City. 
1887-1889,  Chemist  to  (^amplain  Fibre  Co.,  Willsborough,  New  York.     1889,  Studied 
at  the  University  of  Berlin,  Summer  Semester.    1889  to  date,  Instructor  in  Quali- 
tative Analysis  and  Assaying  at  the  Lehigh  University.    1891,  Professor  of  Chemistry 
in  the  Drexel  Institute  of  Arte,  Sciences  and  Industries,  Philadelphia,  Pft. 

CoNNELL,  Hewlett  Ratjbton,  C.  E.,       .        .        .  1890. 

140  Pierrepont  Street,  Brooklyn,  N.  Y. 

Cooper,  William  Hamilton,  Ph.B.  (Life  Member),        .     1882. 
Address  unknown. 

Corcoran,  John  Thomas,  E.M.,  S.E.,     ....     1884. 

1 31  Smith  Street,  Brooklyn,  N.  Y. 

Cornell,  George  Birdsall,  E.M.,  C.E.,        .  1877. 

45  Broadway,  New  York  City. 

Cornwall,  Henrv  Bedingbr,  A.B.,  A.M.,  E.M.,  Ph.D.,     1867. 

Professor  Analytical  Chemistry  and  Mineralogy,  College  of  New  Jer- 
sey, Princeton,  N.  J. 

Cornwall,  Harry  Clay,  E.M., 1879. 

Commonwealth  Insurance  Co.,  Nassau  Street,  New  York  City. 

Cox,  Jennings  Stockton,  Jr.,  Met.  Eng.,      .        .        .     1887. 

U.  S.  and  B.  M.  S.  S.  Co.,  Mills  Building,  and  76  W.  Sixty-eighth 
Street,  New  York  City. 

1887,  Goverumeut  Survey  for  Canal  bctweeu  Harlem  aud  Hudson  River.  1888-1889, 
Homestead  Steel  Works,  Draughtsman  and  afterward  Assistant  Master  Mechanic. 
1890,  Inspected  construction  of  Steamer  "  Sezurania"  and  "  Vigilancia"  for  the  U.  S. 
aud  B.  M.  S.  S.  Ck).,  at  Roach's  Shipyard,  Chester,  Pa.  1891,  Reporter  for  same  Com- 
pany on  Engineering  matters  along  the  Brazil  coast.  At  present  with  same  company 
in  New  York. 

Cramer,  Stewart  W.,  E.M.  (Associate),  ....     1889. 

United  States  Assay  Office,  Charlotte,  N.  C. 
Graduate  of  United  States  Naval  Academy,  Resigned  from  United  States  Navy  Sep- 
tember, 188vS.  Graduate  student  at  School  of  Mines,  1888-1889.  July  1,  1889  to  date, 
Assayer  in  charge  of  the  United  States  Assay  Office,  Charlotte,  N.  C.  1890,  Special 
Agent  of  Census  Office  for  collection  of  statistics  on  Gold  and  Silver  mines  of  South. 
Special  correspondent  of  Engineering  and  Mining  Journal  in  Southern  States.  Occa- 
sionally report  on  gold  and  silver  mines  of  Southern  States.  Specialty,  Consulting 
Engineer  on  gold  and  silver  mining  in  Southern  States. 

Crocker,  Francis  Bacon,  E.M., 1882. 

Instructor  Electrical  Engineering,  Columbia  College  School  of  Mines, 
and  51  W.  Twenty-first  Street,  New  York  City. 
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1882-1886,  Electrical  £nKine«r  and  Inventor.  188&-1887,  Vice-President  and  Elec- 
trician of '*C.  and  C."  Electric  Motor  Co.  1887-1889,  Vice-President  and  Electrician 
Crocker- Wheeler  Electric  Motor  Co.  1889  to  date,  Instructor  in  Electrical  Engineer- 
ing, School  of  Mines,  Colamhia  College. 

Crowell,  Charles  Burton,  Ph.B.,        ....     1885. 

Box  664,  Colorado  Springs,  Colo. 

CusHMAN,  Alexander  Ramsay,  Ph.B.,  Ph.D.,       .  1878. 

Assistant  Analytical  Chemistry,  Columbia  College  School  of  Mines, 
and  128  E.  Sixteenth  Street,  New  York  City. 
1878-1880,  Post  Graduate  stady  at  the  School  of  Mines,  for  degree  of  Ph.D.     1880- 
1882,  in  Colorado,  visiting  mines  and  smelters.     1882  -1890,  Engaged  in  pursuing 
chemical  studies  and  lecturing  on  geology.    1890  to  date,  Assistant  Instructor  in  Quali- 
tative Lahoratory  at  the  School  of  Mines,  Columbia  College. 

D. 
Darwin,  Harry  Gilbert,  C.E., 1887. 

Eoom  18,  160  Broadway,  New  York  City,  and  Glen  Ridge,  N.  J. 
June,  1887  to  October,  1887,  Rodman  and  Leveller  on  Railroad  field  work  in  New  York 
State.  October,  1887  to  May,  1888,  Draughtsman  Strong  Locomotive  Co.,  New  York 
City.  August,  1888  to  date,  Assistant  Engineer  and  Acting  Superintendent  Safety 
Car  Heating  and  Lighting  Co.,  New  York  City.  Erection  of  special  gas  works,  and 
equipment  of  railroad  cars,  etc. 

Davis,  Charles  Henry,  C.E., 1887. 

120  Broadway,  New  York  City,  308  Walnut  Street,  Philadelphia,  and 
576  Lexington  Avenue,  New  York  City. 
Expert  course  and  Thomson- Houston  Electric  Co.,  Lynn,  Mass.,  summer  1887. 
Agent,  Lawyer  Mann  Electric  Co.,  winter  1887-88.  Supt.  selling  and  construction 
New  York  office  S.  M.  Elec.  Cb.,  summer  aud  winter  1888.  Agent  Westiughouse 
Electric  Company,  winter  1889.  Cousulting  and  Supervising  Electrical  Engineer 
from  May,  1889,  to  date. 

Davis,  John  Woodbridge,  C.E.,  Ph.D.,  ....     1878. 

Principal  Woodbridge  School,  645  Madison  Avenue,  New  York  City. 

Deghu^e,  Joseph  Albert,  Ph.B.,  A.M.  (1892),      .        .     1890. 

College  Phys.  and  Surg. ,  New  York  City,  and  247  Harrison  St. ,  Brook- 
lyn, N.  Y. 
Delafield,  Augustus  Floyd,  Ph.D.  (Associate),    .        .     1869. 
University  Club,  New  York  City. 

De  LuzE,  Louis  Philippe,  C.E., 1879. 

New  Rochelle,  N.  Y. 
Denton,  Frederick  Warner,  C.E.,      ....     1889. 

Instructor  in  Mining  and  Civil  Engineering,  Michigan  Mining  School, 
Houghton,  Mich. 

Devereux,  Walier  Bourchier,  A.B.,  A.M.,  E.M.,        .     1878. 

166  West  Seventy-sixth  Street,  New  York  City. 

Dodge,  Frank  Despard,  Ph.B.,  Ph.D.,         .  .    1888. 

Dodge  &  Olcott,  86  William  St.,  N.  Y.  City,  and  111  Montague  St., 
Brooklyn,  N.  Y. 
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1688-90,  Fellow  in  Chemistry,  Assistant  in  Organic  Laboratory,  School  of  Mines. 
1890-91  (studying  in  Germany). 

DoDswoRTH,  Walter  Albert,  Ph.B.,     .        .        .        •     1888. 

Pratt  &  Lambert,  47  John  Street,  New  York  City,  and  126  Pierpont' 
Street,  Brooklyn,  N.  Y. 

DoNNELL,  Harry  Ellingwood,  Ph.B.,  ....     1887. 

Architect,  address  unknown. 

Douglas,  John  She AFE,O.E., 1890. 

36  Thames  Street  and  72i  Irving  Place,  New  York  City. 
1890,  Coarse  Electrical  Engineering,  Columbia  College.    1891,  Crocker-Wheeler 
Electric  Motor  C-ompany,  and  now  Assistant  Engineer  Western  Electric  Company  in 
Lighting  Department. 

Douglass,  Edward  Morehouse,  C.E.,  ....     1881. 

Topographer  U.  S.  Greological  Survey,  Washington,  D.  C. 
Dow,  Allan  Wade,  Ph.B.  (Life  Member),  .     1888. 

Col.  College,  School  of  Mines,  and  83  West  Seventy-first  Street,  New 
York  City. 
1888-89,  Honorary  Fellow  Quant.  Laboratory.  School  of  Mines.    1889,  Chemist  at 
Tilly  Foster  Mine,  New  York.     1889-91,  Assistant  Chemist  of  The  Barber  Asphalt 
Paving  Co. 

DowNES,  Stancliff  Bazen,  C.E., 1882. 

Fordham  (opposite  Harlem  Railroad  station),  and  1071  Madison  Avenue, 
New  York  City. 

December,  1882,  to  April,  1885,  Assistant,  Office  Topographical  Engineering  De- 
partment Public  Parks,  New  York  City.  April,  1885,  to  January,  1891,  Assistant, 
Engineering  Department  Public  Parks.  April,  1886,  elected  Junior  Member  American 
Society  Civil  Engineers.  January,  1891,  to  date,  Civil  Engineer,  Fordham,  New  York 
City,  opposite  Harlem  Railroad  station. 

Downs,  William  Fletcher,  E.M.,         ....     1882. 

Joseph  Dixon  Crucible  Co.,  and  75  Fairview  Avenue,  Jersey  City, 

N.J. 

With  the  Joseph  Dixon  Crucible  Co.  since  graduation.  From  Jnne,  1882,  to  Sep- 
tember, 1882,  at  experimental  work.  From  September,  1882,  to  October,  1884,  in 
charge  of  lubricating  department.  From  October,  1884,  to  present  time  Superinten- 
dent of  crucible  and  other  departments. 

Drummond,  Isaac  Wyman,  E.M.,  Ph.D.,       .        .        .     1878. 

F.  W.  DeVoe  &  Co.,  William  and  Fulton  Streets,  New  York  City. 

Dunham,  Edward  Kellogg,  Ph.B.,       .         .  .     1881. 

Carnegie  Laboratory. 
DUSENBERRY,  WALTER   LORTON,  E.M.,     ....      1884. 
Van  Courtland  Park.  N.  Y.,  and  361  Produce  Exchange,  New  York 
City, 
1884-87,  miscellaneous.    U.  S.  Coast  Survey.    Mining  in  Mexico  and  the  west. 
Survey  of  New  Parks,  Westchester  County,  etc.     1887-89,  Inspector  of  Masonry  and 
Transit-man  on  New  Croton  Aqueduct.    1889-91,  in  charge  of  party  and  Assistant 
Engineer  of  Construction  l>epartment  of  Public  Parks,  New  York  City. 

DwiGHT,  Arthur  Smith,  E.M., 1885. 

Superintendent  Colorado  Smelting  Co. ,  Pueblo,  Colorado. 
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E. 
Eaoton,  Lakodon  Chevbs,  C.E., 1884. 

Port  Harford,  San  Luis  Obispo  Co.,  Cal.,  and  344  South  Grand  Avenue, 
Los  Angeles,  CaL 
1885-88,  Eagineer  Corps,  Aqnedact  Commiasion,  New  York  City.    1889,  City  Sur- 
veyor's Corps,  TjOs  Angeles,  ObA,    1889  and  1891,  in  charge  of  harbor  improvements. 
Port  Harford,  Cal.,  under  direction  of  U.  S.  Corps  of  Engineers. 

Eabtwick,  George  Spencer,  C.E 1879. 

Manager  American  Sugar  Refinery  Co. ,  24  North  Peters  St. ,  New  Or- 
leans, La.,  and  1425  Broadway,  New  York  City. 

Eastwick,  Edward  Peers,  Jr.,  Ph.B.,  S.E.,  C.E.  (1892),     1889. 

1425  Broadway,  New  York  City. 

Eddie,  Edward  Crittenden,  E.M.,        ....     1885. 

Colorado  Smelting  Co.,  Box  8,  Paehlo,  Colo. 

Edwards,  Richard  Mason,  E.M., 1886. 

Bed  Jacket  and  Houghton,  Mich. 
1886-87,  general  assay  office  at  Houghton,  Mich.    1888-89,  Professor  of  Mining, 
Michigan  Mining  School,  Houghton.    1890  to  date,  Mining  Engineer  for  Tamarack, 
Tamarack,  Jr.,  Osceola  and  Kearsarge  Mining  Cos.,  L.  S.,  Mich. 

EfLERS,  Karl  Emrich,  E.M 1889. 

751  St.  Mark's  Avenue,  Brooklyn,  N.  Y.,  and  care  Colorado  Smelt- 
ing Co. ,  Box  8,  Pueblo,  Col. 
1889-91,  student  and  travelling  in  Europe. 

Eliot,  Walter  Graeme,  E.M.,  C.E.,  Ph.B.,  Ph.D.,       .     1878. 

Consulting  Sanitary  Engineer,  Editor  Universki/  Magazine^  70  South 
Street,  and  University  Club,  New  York  City. 
1878-81,  Consulting  Sanitary  Engineer,  New  York  City,  and  Assistant  Sanitary 
Engineer,  New  York  Board  of  Health.  1881-82,  Special  Agent  of  U.  S.  Tenth  Census, 
examining  waterworks  of  the  principal  cities  of  United  States.  18H2-84,  General 
Manager  American  Photo-Lithographic  Co.,  New  York  City.  1884-87,  Assistant 
Sanitary  Engineer,  New  York  Board  of  Health.  1887-90,  Secretary  and  Auditor 
Westcott  Express  Company,  New  York.  1890,  Editor-in-chief  of  the  University  Maga- 
ziiUf  New  York. 

Elliott,  Arthur  Henry,  Ph.B.,  Ph.D.,       .        .        .     1881. 

Professor  Chemistry,  College  of  Pharmacy,  Editor  Anthony^ s  Bulletin^ 
591  Broadway,  New  York  City. 

Elliott,  William,  Ph.B., 1880. 

56  Wall  St.,  New  York  City. 

Emrich,  Anton  Frederick,  E.M., 1882. 

United  Smelting  and  Befining  Co.,  Smelter,  Mont. 
1882-84,  with  the  Tombstone  Milling  and  Mining  Co.,  Charleston,  Arizona.  1884- 
86,  Assayer,  Chemist,  Mine  Engineer,  the  Colorado  Smelting  C^.,  Pueblo,  Colo.  1886- 
88,  Superintendent  the  Madonna  Mine,  Monarch,  Colo.  Property  of  the  Colorado 
Smelting  Co.,  Pueblo,  Colo.  1888-89,  Mining  Engineer  acting  as  Expert  for  the  Mon- 
tana Smelting  Co.,  of  Great  Falls,  Mont.,  in  Montana,  Idaho,  Washington  and  British 
Columbia.  1889-90,  Mining  Engineer,  Superintendent  of  Mines,  Ore  Buyer  and 
Mine  Manager  for  the  Montana  Smelting  Co.,  Great  Falls,  Mont.    1890  to  present, 
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Superintendent  and  Metallurgist  the  United  Smelting  and  Refining  Co.,  Smelter, 
Mont. 

PiNGEL,  LoULi  GRORtJE,  E.M., 1880. 

Brooklj'ii  iSugar  Refinery,  and  238  Clermont  Avenue,  Brooklyn  N.  Y. 
Assistant  Engineer  Tilly  Foster  Iron  Mines,  Draughtsman  and  Superintendent  of 
Construction  Brooklyn  Sugar  Refinery,  and  Engineer. 

Engei.hardt,  Eugene  Nicholas,  E.M.,         .        .        .     1886. 

Selby,  Contra  Costa  Co. ,  Cal. 
1866,  Assayer,  Chemist  and  Assistant  Superintendent  Pueblo  Smelting  and  Refining 
Co.     1887  and  18HS,  Superintendent  of  the  same  company.     1889,  Assistant  Superin- 
tendent Anaconda  Smelting  Co.     From  1890  and  to  present  time.  Assistant  Superinten- 
dent Selby  Smelting  and  I.iead  Co. 

P. 

Fahys,  George  Ernest,  C.E., 1884. 

38  Maiden  Lane,  New  York  City,  and  285  DeKalb  Avenue,  Brooklyn, 
N.  Y. 

Treasurer,  Prentiss  Calendar  Time  Co. 

Falk,  David  Beauregard,  C.E., 1882. 

Savannah,  Ga. 

Fearn,  Percy  LeRoy,  E.M., 1889. 

Mina  la  Trinidad,  Puntarena.s,  Costa  Rica,  C.  A. 
1889-90,  Assayer  and  Surveyor,  Trinidad  Mine,  Costa  Rica.    1890  to  date.  Superin- 
tendent, Trinidad  Mine,  Costa  Rica. 

Ferguson,  William  Cushman  Augustine,  Ph.B.,  1887. 

Laurel  Hill  Chemical  Works,  Laurel  Hill,   N.   Y.,  and   138  Wilson 

Street,  Brooklyn,  N.  Y. 
From  1887  to  1888,  Chemist,  Fulton  Sugar  Refinery.  From  1888  to  date  (1891), 
Chemist  for  Nichols  Chemical  Co.,  Manufacturers  of  Sulphuric,  Muriatic  and  Acetic 
Acids,  Alum,  Salt  Cake,  Bisulphate  Soda,  Blue  Vitriol,  and  Smelters  of  Copper  Ore; 
alscj  Manufacturers  of  Acid  Phosphate.  Work  :  Investigation  of  different  questions 
affecting  above,  and  also  in  new  lines,  such  as  Sulphate  of  Alumina,  etc.  Also  ana- 
lytical work. 

Ferrer,  Carlos  Ferrer,  C.E., 1883. 

39  Broad  Street,  New  York  City. 

After  graduation,  for  a  few  weeks  on  work  at  the  School  of  Mines.  Then  under 
Mr.  W.  E.  Worthen,  C.E.,  on  some  work  for  the  Water  ('ommissiouers  of  the  State  of 
New  Jersey.  From  March.  1H84,  to  January,  1887,  on  the  Engineering  Corps  of  the 
Aqueduct  Commissioners,  New  York  City,  as  Assistant  to  Engineer  of  Construction; 
Levelcr  in  charge  of  field  work  on  Section  "A  ";  reduced  to  Rodman  in  charge  of 
same;  promoted  to  Assistant  Engineer;  resigned  in  January,  1887,  and  have  since 
been  engaged  in  business  for  my  own  account  at  above  tiddress. 

Ferris,  Junius  Colton,  E.M., 1883. 

Carthage,  III. 

Feuchtwanoer,  Henry,  Ph.B., 1882. 

Room  19,  99  Franklin  Street,  New  York  City. 

FiALLos,  Enrique  Constantino,  C.E.,    ....     1883. 

No.  27,  Calle  10a,  Tegucigalpa,   Honduras,  C.  A.,   and  care  Ernest 
Schernikow,  P.  O.  Box  3540,  N.  Y.  City. 
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General  practice  in  Engineering.  Professor  of  Mathematics  and  Mineralogy  in  the 
University  of  Tegucigalpa.  The  most  extensive  practice  has  been  as  Grovernment 
Surveyor  of  Lands  and  Mines. 

Fisher,  WiLLARD,  E.M., 1888. 

Dallas,  Texas,  and  361  W.  Fifty-sixth  Street,  New  York  City. 
Draughtsman  to  Parsons,  C.E.,  New  York  City.  Assistant  to  Superintendent 
Segovia  Gold  Mining  (\).,  Nicaragua.  (Merk,  Office  of  Rich  Hill  C/oal  Mining  Co., 
Rich  Hill,  Mo.  Engineer  and  Mine  Surveyor,  Rich  Hill  (V>al  Mining  Co.,  Rich  Hill, 
Mo.  Prospecting  for  coal,  Southwest  Missouri,  along  the  line  of  Wichilaw  &  Western 
in  the  interest  of  the  Missouri  Pacific  Railroad.  Southern  Sales  Agent,  Coal  Cos.  on 
the  lines  of  Missouri  Pacific  Railway.    Capacity  of  Mines.  /iOO  cars  daily. 

Fu^YDy  Frederick  William,  C.E.,  E.M.,      .        .  1877. 

539  W.  Twentieth  Street,  and  195  W.  Eighty-seventh  Street,  New 
York  City. 
1877-78,  Honorary  Assistant  in  Metallurgy,  School  of  Mines.  1878-81,  IT.  S.  Geo- 
graphical Surveys,  West  of  100th  Meridian.  1881-82,  Preliminary  Surveys,  New 
Croton  Aqueduct  and  Dam,  New  York.  1882,  Reporting  on  Mines  in  (Colorado.  1883 
to  date.  Firm  of  James  R.  Floyd  &  Sons,  Iron  Works.  Specialty,  Gas  Engineering 
and  Gas  Works  Construction. 

Fowler,  Albert  Casimir,  C.E., 1889. 

CienPuegos,  Cuba. 

Fowler,  Samuel  Stewart,  A.B.,  E.M.,  ....     1884. 

Golden,  B.  C,  Canada,  and  Room  3,  34  Clark  Street,  Chicago,  111. 
1885,  Civil  Engineering  Work,  New  York.  1886,  Assistant  Superintendent,  Iron 
Hill  Mining  and  Milling  (b.,  Black  Hills,  South  Dakota.  1887,  Assistant  Superin- 
tendent Galena  Reduction  Co.,  Black  Hills,  South  Dakota.  18H8,  Superintendent, 
International  Smelting  Works,  Texas.  Engineer  and  Assayer,  Bunker  Hill  and  Sul- 
livan Mg.  and  Cone.  Co.,  Idaho.  1889,  Reporting  sundry  properties.  1890  to  date, 
Superintendent  Golden  Mining  and  Smelting  Co.,  (volden,  B.  C,  Canada.  Specialty, 
Mining  and  Metallurgy  of  Silver-lead  Ores. 

Frank,  Jerome  William,  Ph.B., 1888. 

Standard  Varnish  Works,  207  Avenue  D,  and  104   E.   Eighty-first 
Street,  New  York  City. 

Freedman,  William  Horatio,  C.E.,      ....     1889. 

120  W.  One  Hundred  and  Twenty-fifth  Street,  New  York  City. 
John  Tyndall  Fellow  and  Post-graduate  in  Electrical  Engineering,  Columbia  College. 

Furman,  Howard  Van  Fleet,  E.M.,     ....     1881. 

510  Peoples  Bank  Bld'g.,  Denver,  Col. 
1882-88,  Assayer  and  Chemist  and  Foreman,  Germauia  Lead  Works,  Utah,    (^hem- 
ist.  Globe  Smelting  and  Refining  Co.,  Denver.    Assistant  Superintendent,  Billings 
Smelter,  Socorro,  New  Mexico.    Superintendent,  Bailey  Smelter,  Denver,  Colo.    1888- 
91,  some  experience  as  Consulting  Engineer  and  Metallurgist. 

G. 

Garlichs,  Herman,  E.M.,      ......    1880. 

Omaha  and  Grant  S.  and  R.  Co.,  Omaha,  Neb. 
1880-83,  Surveying  and  Reporting  on  Mines  in  Colorado.   1883-87,  Assistant  Super- 
intendent, Aurora  S.  &  R.  Co.,  Aurora,  111.    1887,  and  to  the  present,  Superintendent, 
Refining  Department,  Omaha  and  Grant  S.  and  R.  Co.    Specialty,  Silver  and  Lead 
Smelting  and  Refining. 
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Gffford,  Stanley  Devol,  E.M., 1889. 

Butte  City,  Montana,  and  Tuckahoe,  N.  Y. 

Going,  Charles  Buxton,  Ph.B., 1882. 

President  Cincinnati  Desiccating  Co.,  Cincinnati,  and  Glendale,  Ohio. 

GoLDSCHMiDT,  Samuel  Anthony,  A.B.,  E.M.,  Ph.D.  (Life 

Member), 1871. 

Treasurer  Columbia  Chemical  Works,  43  Sedgwick  St. ,  Brooklyn,  N.  Y. , 
and  New  York  City. 
Assistant  Ohio  Geological  Survey,  1871.  Chemist  and  Assistant  Inspector  of  Fer- 
tilizers, Savannah,  Ga.,  daring  winters  of  1871-75.  During  summers,  Assistant  to 
Dr.  Chandler,  Inspector  New  York  Board  of  Health,  1871-75.  Reporting  on  Guano 
Islands,  South  Pacific,  1876.  General  Consulting  Practice,  1876-80.  Inspector  New 
York  Board  of  Health,  1879-88.  Treasurer  and  Manager  Columbia  Chemical  Works, 
1880  to  date.    Specialty,  Ammonia  Manufacture. 

Good,  George  McClelland  Houtz,  E.M.,    .        .        .     1886. 

Mining  Engineer,  Houtz  Estate,  Osceola  Mills,  Pa. 
Goodwin,  Edward,  E.  M., 1891. 

Tombstone  Mill  and  Mining  Company,  Tombstone,  Arizona,  and  Gov- 
ernor's Island,  N.  Y. 

Gordon,  John,  Jr.,  E.M., 1871. 

Merchant,  Edward  Johnston  &  Co.,  62  Sas  Pedro,  Rio  de  Janeiro, 
Brazil,  and  G.  O.  Gordon,  69  Wall  St.,  N.  Y.  City. 

Gosling,  Edgar  Bonaparte,  E.M.,  C.E,  .        .     1884. 

Point  Tewfik,  Egypt. 
Tutor  in  Mathematics,  Columbia  College  from  1884  to  1885.  Draughtsman  and 
afterwards  Assistant  Engineer  in  Department  of  Docks,  New  York  City,  1886-88.  In 
Manufacturing  Business  in  Paris,  France,  1888-89.  Tutoring  in  Mathematics  and 
Engineering  Branches  in  New  York,  and  Superintending  building  of  houses,  intro- 
ducing Culm-burning  Furnace  in  U.  S.,  1889-91.  On  Construction  and  Public  Works 
at  the  Suez  Canal,  Egypt,  to  build  two  villages  on  same  in  artificial  stone  (Beton 
Coignet). 

Graff,  Charles  Everett,  E.M., 1885. 

'■ ,  and  182  Summit  Ave.,  Jersey  City,  N.  J. 

1885-87,  Assistant  Engineer,  Central  Entre  Riano  Railroad,  Argentine  Republic,  S. 
A.  1887-88,  Engineer,  Arizona  Union  Mining  Co.,  Prescott,  Arizona.  1888-90,  Mauu- 
facturitig  Work,  Binding  Twine  and  Reapers.    1890-91,  Engineer,  Eagle  Oil  Co. 

Gratacap,  liOUis  Pope,  Ph.B., 1876. 

Curator  American  Museum  Natural  History,  New  York  City,  and  West 
New  Brighton,  S.  I. 

Greenleaf,  James  Leal,  C.E., 1880. 

Ac^j. -Professor  Civil  Engineering  Columbia  College  School  of  Mines, 
and  Llewellyn  Park,  West  Orange,  N.  J. 
Special  Agent  for  Tenth  Census  for  Water-power  from  1880  to  1882.    Since  instruc- 
ting in  engineering,  civil  and  sanitary,  in  School  of  Mines,  Columbia  College.    1891, 
Adjunct  Professor  Civil  Engineering,  Columbia  College. 

Griffin,  Samuel  Palmer,  Jr.,  E.M.,    ....     1884. 
Health  Department  and  449  Park  Avenue,  New  York  City. 
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Griswold,  William  Tudor,  C.E., 1881. 

U.  S.  Geological  Survey,  Washington,  D.  C. 

Gro6s^  Louis  Nathan,  B.S.,  E.M., 1884. 

Merchant  and  38  East  Fifty-eighth  Street,  New  York  City. 

GuDEMAN,  Edward,  Ph.B.,  Ph.D., 1887. 

P.  0.  Box  3001,  New  York  City. 
Student  at  the  Universities  of  fierlin  and  Gottingen,  1887-89.  Private  Assistant 
with  Dr.  C.  F.  Chandler,  and  Honorary  Assistant  at  the  School  of  Mines.  1889 
and  1890,  Professor  of  Chemistry  in  charge  of  the  Department  of  Chemistry,  Dyeing 
and  Pottery  at  the  Pennsylvania  Museum  and  School  of  Industrial  Art,  Philadel- 
phia, Pa. 

GuDEWiLL,  Charles  Edward,  C.E.,         ....     1890. 
2  West  Forty-seventh  Street,    New  York  City,  and  Montreal  Water 
and  Power  Co.,  Imperial  Bld'g.,  Montreal,  Canada. 

GuiTERMAN,  Edward  Wolf,  Ph.B.,        ....     1889. 

Passaic  Print  Works,  Passaic,  N.  .T. ,  and  335  West  Fifty-eighth  Street, 
New  York  City. 
1890  to  date,  Chemist  above  works. 

H. 
Haasis,  Dunbar  Ferdinand,  E.M.,        ....     1883. 

Jones  &  Crane,  132  Nassau  Street,  New  York  City. 
1883-84,  Inspector  of  bridge  work,  Stony  Point,  New  York.  1885-88,  Assayer  and 
Chemist,  afterwards  General  Manager  Parral  Mining  and  Milling  Co.  (silver),  Mexico. 
1889,  with  Corps  of  Engineera,  U.  S.  A.,  on  New  York  Harbor  Improvements.  1890 
to  date.  Engineer  Marion  Phosphate  Co.,  Florida,  and  Engineer  Hamburg  Pliosphato 
Co.,  Florida.    Surveying,  prospecting  and  reporting  on  phosphate  deposits. 

Hale,  Albert  Ward,  A.B.,  A.M.,  E.M.,        .  .     1867. 

Department  PubHc  Works,  East  Twenty-fourth  Street,   New  York 
City. 

Hall,  Robert  William,  E.M., 1876. 

University  Building,  Washington  Square,  New  York  City. 

From  1879  to  1888,  Chemist  to  the  American  Gas  Fuel  and  Light  Company  and  to 
some  associated  companies.  Since  the  autumn  of  1888,  Acting  Assistant  Professor  of 
General  Chemistry  in  the  University  of  the  City  of  New  York.  Since  the  autumn 
of  1890,  also  Acting  Professor  of  Analytical  Chemistry  in  the  same  institution. 

Hallock,  Albert  Peter,  Ph.B.,  Ph.D.,         .  .     1880. 

440  First  Avenue  and  434  Lenox  Avenue,  New  York  City. 
June,  1880,  to  October,  1880,  with  Dr.  P.  de  P.  Ricketts.    October,  1880,  to  Novem- 
ber, 1887,  Chemist  Consolidated  Gas  Co.    November,  1887,  to  January,  1889,  in  the 
shell  lime  business.     January,  1889,  to  date,  Chemist  to  Carl  H.  Schultz,  Mineral 
Water  Factory.    Specialty,  Gas  and  Mineral  Water  Chemistry. 

Hanna,  George  Byron,  A.B.,  E.M.,       ....     1868. 

Charlotte,  N.  C. 
Chemist  and  Assistant  Geologist  North  Carolina  Geological  Survey.    Melter  and 
AsBistant  Aasayer  U.  S.  Assay  Office,  Charlotte,  N.  C.    Also  Consulting  Mining  Engi- 
neer and  Chemist,  etc. 
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Harding,  George  Edward  (Associate),  ....     1867. 

Architect,  40  Exchange  Place,  New  York  City. 

Harrington,  Thomas  Henry,  C.E.,        ....     1889. 

244  East  Fiftieth  Street,  New  York  City. 

Harris,  Edwin,  Ph.B., 1889. 

Olean,  N.  Y. 
1889-90,  Chemist  of  the  Camden  Consolidated  Oil  Company.     1890  to  date,  Chemist 
Camden  Consolidated  Oil  Company  and  agent  for  oil,  mineral  and  timber  lands  in 
West  Virginia  and  Ohio. 

Hathaway,  Nathaniel,  Ph.B., 1879. 

Swain  Free  School,  and  43  Elm  Street,  New  Bedford,  Mass. 
1879-80,  Booth  and  Edgar  Sugar  Refinery.     1880-83,  Private  Assistant  to  Dr.  E. 
Waller,  New  York.    1883-91,  Teacher  of  Chemistry  and  Physics  Swain  Free  School, 
New  Bedford,  Mass.,  and  general  analytical  work. 

Hawkes,  Emil  MacDougal,  A.B.,  E.M.,        .  .     1885. 

267  Fifth  Avenue,  New  York  City. 

Hawley,  John  Francis,  C.E., 1891. 

Quezahenang,  Guatemala,  C.  A. 

HUBERT,  Octave  Britton,  C.E., 1888. 

125  East  Seventy-fourth  Street,  New  York  City. 

Heinsheimer,  Alfred  Maurice,  C.E.,  ....     1887, 

Kuhn,  Loeb  &  Co.,  and  71  East  Ninetieth  Street,  New  York  City. 

Hendricks,  Henry  Harmon,  Ph.B.  (Life  Member),       .     1880. 

Hendricks  Bros.,  49  Cliff  Street,  New  York  City. 

Hewlett,  James  Monroe,. Ph.B., 1890. 

68  Rerasen  Street,  Brooklyn,  N.  Y. 

Hildreth,  Russel  Wadsworth,  E.M.,  ....     1886. 

R.  W.  Hildreth  &  Co. ,  Inspector  and  Bridge  Expert.,  No.  2  Wall  Street, 
New  York  City. 
Hildreth,  Walter  Edwards,  C.E.,  E.M.,    .        .        .     1877. 

West  End,  Monmouth  County,  N.  J. 
Hill,  W^illiam,  C.E., 1882. 

Assistant  Superintendent  Collins  Company,  Box  196,  Collinsville, 
Conn. 
One  year  practical  experience  in  manufacture  of  crucible  steel.  Two  years  draughts- 
man and  assistant  to  master  mechanic  of  company  manufacturing  crucible  steel,  bar- 
iron,  edge  tools,  plows  and  wrenches.  Engineer  in  charge  of  reconstruction  of  dam 
600  feet  long,  32  feet  high,  at  Otis,  Mass.  For  past  five  years,  Assistant  Superinten- 
dent for  the  Collins  Company,  employing  about  650  men,  manufacturing  principally 
edge  tools. 

HiNMAN,  Bertrand  Chase,  Ph.B.,  a.m.  (1892),  .     1890. 

929  Flushing  Avenue,  Brooklyn,  and   Mansville,  Jefferson  County, 

N.  Y. 

Since  June,  1890,  Chemist  to  the  Iron  Clad  Manufacturing  Company,  engaged  in 
the  manufacture  of  sheet-iron  enamelled  ware. 
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HoLBROOKy  Francis  Mewberry,  C.E.,   ....     1876. 

Box  395,  Tarry  town,  N.  Y. 
From  fkll,  1876,  to  spring,  1880,  Assistant  Assay  Laboratory  School  of  Mines. 
Spring  and  Sammer  on  Geological  Survey,  West.  Texas.  Then  to  1884,  spring,  Super- 
intendent Corralitos  Co.,  Chihuahua,  Mexico.  1884-87,  expert  work,  office  El  Paso, 
Texas.  Summer  and  fall,  1887,  Superintendent  of  United  Verde  Copper  Company. 
Arizona.  1888,  spring,  on  geological  work  for  the  Southern  Pacific  ('ompany  in  West 
Texas.  Summer  and  fall,  running  gold  mine  and  mill  for  self  in  Arisona,  1889-90, 
Manager  for  U.  S.  Circuit  Court  in  suit  between  the  Con.  Kansas  City  Smelting  and 
Refining  Company  and  the  (Tuadalupe  Company,  in  Nuevo  Leon,  Mexico.  1890  to 
February,  1891,  employed  by  the  CompafliaM^talargica  Mexicana.  March  and  April, 
1891,  charge  of  copper  smelter,  Tucson,  Arizona. 

HoLDEN,  Edward  Henry,  C.  E., 1878. 

1074  Boston  Avenue,  New  York  City. 

Hollerith,  Herman,  E.M.,  Ph.D.  (1890),      .        .        .     1879. 

Electrician  and  Expert,  501  F.  St.,  Washington,  D.  C. 

HoLLiCK,  Charles  Arthur,  Ph.B.,        ....     1879. 

Box  105,  New  Brighton,  N.  Y. 
Superintendent  Mexican  Mine,  Mariposa,  Cal.,  1880.  New  York  City  Health  De- 
partment Inspector  from  1881-90.  Sanitary  Engineer  from  18{K)-91.  Special  In- 
spector at  date.  New  York  State  Board  of  Health.  Special  Expert  and  Inspector  of 
Offensive  Trades,  both  in  consultation  and  field  work,  from  18H3  to  date.  Board  of 
Health,  Village  of  New  Brighton;  appointed  a  member  of  the  Board  in  1H86  and  re- 
appointed each  year  since,  to  date.  Board  of  Health,  Long  Island  City,  Sanitary 
Adviser,  1890.  In  general  practice  as  a  sanitarian  from  1883  to  date.  U.  S.  Geological 
Survey — engaged  in  collecting  specimens  in  the  Territories,  in  1882.  Apiwinted 
Fellow  in  Geology,  Columbia  College,  January.  1890;  reappointed,  1891.  Recording 
Secretary,  Torrey  Botanical  Club,  New  York,  1883-88.  Corresponding  Secretary 
Natural  Science  Association  of  Staten  Island,  1881  to  date.  Associate  Editor,  Bulletin 
Torrey  Botonical  Club,  1888  to  date. 

HoLLis,  Henry  Leonard,  E.M., 1885. 

1232  The  Rookery,  Chicago,  III. 
1885,  Assistant  Chemist  Edgar  Thomson  Steel  Works.  1885-87,  Assistant  Chemist. 
North  Chicago  Rolling  Mill  Company.  1887-90,  Chief  Chemist,  North  Chicago  Roll- 
ing Mill  Company,  which,  in  1889,  became  by  consolidation  part  of  the  Illinois  Steel 
Company.  1890,  member  of  firm  of  Rattle,  Nye  &  Hollis,  Analytical  Chemists  and 
Mining  Engineers. 

Hollis,  William,  C.E., 1878. 

Box  109,  Eagle  Pass,  Texas.     Agent  for  Alamo  and  Coahuila  Coal 
Companies. 
Holt,  Marmaduke  Burrell,  E.M.,       ....     1889. 

Aspen,  Colo.,  and  287  Lexington  Avenue,  New  York  City. 
1889-90, Student  in  course  of  Electrical  Engineering,  School  of  Mines.    1890-91,  with 
Aspen  Mining  and  Smelting  Company,  serving  as  Mining  and  Electrical  Engineer. 

Hooker,  William  Augustus,  A.B.,  A.M.,  E.M.,  1869. 

Hooker  &  Lawrence,  145  Broadway,  New  York  City. 

Hooper,  Frank  Cyrus,  Met.  Enq.,  •     .        .         .        .     1890. 

De  Lamar,  Idaho  and  Ticonderoga,  N.  Y. 
1890-1891,  Assistant  Engineer  De  Lamar  Mining  Co.,  Limited. 

3 
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HoPKE,  Theodore  M.,  Ph.B., 1880. 

Linden  Steel  Co.,  Pittsburgh,  Pa.,  and  Hastings  on  Hudson,  N.  Y. 
August,  1H89,  November,  1881,  Analytical  Chemist  with  Ledouz  &  Co.,  New  York. 
November,  1881  to  November,  1885,  Member  of  the  firm  of  Elliott,  Hopke  &  Mattison, 
Analytical  and  Consulting  Chemists  and  Assayers.  July,  1886  to  November,  1889, 
Chemist  for  Linden  Steel  Co.,  of  Pittsburgh,  Pa.,  also  had  charge  of  Phjrsical  testing  de- 
partment. November  1889  to  date,  Manager  Open-Hearth  department  of  above  Co., 
having  full  charge  of  manufacture  of  all  grades  of  steel  made  by  the  company,  also 
building  of  open -hearth  furnaces. 

Horn,  James  Thurston,  A.B.,  C.E.,       ....     1884. 

Naval  Architect,  and  13  E.  Fifty-third  Street,  New  York  City. 

HoRNE,  William  Dodge,  Ph.B., 1886. 

Instructor  Analytical  Chemistry,  Rutgers  College,  New  Brunswick, 
N.  J. 
June,  lH8(i  to  December,  1887,  Chemist  to  Fulton  Sugar  Refinery,  Brooklyn,  N.  Y. 
October,  1887  to  December,  1887,  Assistant  Instructor  iu  Chemistry,  School  of  Mines, 
Columbia  College.  December  1887  to  June,  1888,  Chemist  to  St.  Louis  Sugar  Refinery, 
St.  Louis,  Mo.  October,  1888  to  October,  1889,  Chemist  to  Standard  Sugar  Refinery, 
Boston,  Mass.  November,  1889,  to  present  time,  General  Analytical  Chemistry,  Lab- 
oratory and  office  in  New  Brunswick,  N.  J.  January,  1890,  to  present  time,  Chemist 
to  Delaware  Sugar  House,  Philadephia,  Pa.  January,  1891,  to  present  time,  Instruc- 
tor in  Analytical  Chemistry  in  Rutgers  College,  New  Brunswick,  N.  J. 

Howe,  Epenetus,  E.M.  (Life  Member),   ....     1886. 

Cia  Const^ncia,  SierrA  Mojada,  Mexico,  and  North  Salem,  N.  Y. 
Assayer  and  Chemist  with  the  El  Paso  Smelting  Co.,  and  the  Argentine  Works. 
Kansas,  1887-1889,  and  with  Lacia  Constancia  Esmeralda  Sierra  Mcyada  Coahuila, 
Mexico,  1889. 

HoYT,  Walter  Lowrie,  E.M.,  C.E.,       ....     18V6. 

Orange,  N.  J. 
1877-1880,  Chemist  and  Metallurgist  at  Smelting  Works  in  Utah,  Montana  and  Col- 
orado.    1880-1884,  Metallurgist  with  Omaha  &  Grant  Smelting  and  Refining  Co., 
Omaha,  Neb.     1884,  Mining  Engineer  with  El  Callao  Gold  Mining  Co.,  Venezuela,  S. 
A.     1885-1891,  Superintendent  St.  Louis  Smelting  and  Refining  Co.,  St.  Louis,  Mo. 

Humbert,  William  Scott,  E.M., 1883. 

Niagara  Falls,  N.  Y. 
1883-1885,  Surveys  and  location  of  Tunnel  for  New  Croton  Aqueduct.  1885-1887, 
Construction  work  new  Croton  Aqueduct  and  extensive  Topographical  Survey  of  the 
Croton  Valley.  1887-1888,  In  charge  of  construction  as  Assistant  Engineer  at  shafts 
No.  21,  No.  22,  and  No.  23  New  Croton  Aqueduct  (night  shift).  1868  to  1891  Assistant 
Engineer  in  charge  of  the  construction  of  two  large  dams  and  tunnels  connecting  tlio 
two  basins  of  Double  Reservoir  "  I,"  located  2  miles  east  of  Brewster,  N.  Y.,  on  the 
east  Branch  of  the  Croton  River.  1891,  Special  Assistant  Engineer  Cataract  Con- 
struction Company. 

Hunt,  Frederick  Furneaux,  E.M.,  C.E.,      .        .        .    1876. 

77  Pine  Street,  New  York  City. 

Huntington,  Chester  (.\ssociate), 1869. 

Box  1780,  New  York  City. 
Huntington,  Frederick  Wolocht,  E.M.,      .        .        .    1885. 

Red  Cliff,  Colorado. 
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HuRLBUT,  Elisha  Denison,  Jr.,  C.E.,    ....     1890. 

106  Hicks  Street,  Brooklyn,  N.  Y. 
1890-91,  at  Columbia  College  Law  School.    1891,  Assistant  in  Mechanical  Engineer- 
ing, School  of  Mines. 

HuTTON,  Fredeiuck  Remsen,  A.B.,  A.M.,  E.M.,  C.E., 

Ph.D.  (Life  Member), 1876. 

Columbia  College,  and  296  Lexington  Avenue,  New  York  City. 
1876-1877,  Assistant  in*  Engineering,  School  of  Mines.     1877-1882,  Instructor  in 
Mechanical  Engineering.     1882-1891,    Adjunct  Professor  Mechanical  Engineering. 
1891,  Professor  Mechanical  Engineering. 

I. 

Ihlseng,  Axel  Olaf,  B.S.,  E.M.,  C.E.,  ....     1877. 

Carthage,  Mo.,  and  151  East  33d  St.,  New  York  City. 
1877-1882,  Chief  Chemist,  Havemeyer  Sugar  Refining  Co.,  Brooklyn,  E.  D.  1882- 
1890,  U.  S.  Dep.  Mining  Surveyor,  District  of  Colorado.  1882-188;),  Chemist  and 
Assayer,  La  Plata  Smelter,  Leadville,  Colo.  1883,  Metallurgist,  Martha  Rose  Smelter, 
Silverton,  Colo.  1884,  Assayer,  Stoiber  Sampling  Works,  Silverton,  Colo.  1885, 
Duyckinck,  Schuyler  &  Ihlseng,  Ore  Samplers,  Silverton,  Colo.  1886-1890.  Manager 
of  Mt.  Queen  Mining  Co.,  Reliance  Mining  Co.,  Brown  Mining  Co.,  and  the  Hale 
Mines,  Silverton,  Colo.  1890-1892,  Operating  Zincite  Mine  and  others  near  Webb 
City,  Nevada,  and  in  constructing  concentrating  plants. 

Ihlseng,  Magnus  C,  E.M.,  C.E.,  Ph.D.,  .        .     1875. 

Professor  Engineering,  State  School  of  Mines,  Golden,  Colo. 
Iles,  Malvern  Wells,  Ph.B.,  Ph.D.  (Life  Member),      .     1875. 
Superintendent  Globe  Smelting  Co. ,  Denver,  Colo. 

Illiq,  William  Charles,  E.M., 1882. 

327  E.  Forty-first  Street,  New  York  City. 

Ingersoll,  William  Halsey,  A.B.,  A.M.,  LL.B.,  E.M., 

(Life  Member), 1870. 

Northport,  N,  Y. 

1875-1878,  Assistant  in  Engineering,  Columbia  College.  1878-1881,  Assistant  in 
Mechanics  and  Astronomy.  1881-1887,  Manufacturing  tin-ware,  Portland,  Conn. 
1887-date,  Incapacitated  from  practice  by  lack  of  health. 

J. 

Jackson,  Oswald,  C.E., 1892. 

16  West  12th  Street,  New  York  City. 

Jacobs,  David  Mare,  Ph.B., 1887. 

30  W.  Thirty-eighth  Street,  New  York  City. 

Jacobs,  Solomon  Joseph,  Ph.B.,    .....    1887. 

30  W.  Thirty-eighth  Street,  New  York  City. 

Janeway,  John  Howell,  E.M., 1886. 

50  W.  Ninth  Street,  New  York  City. 
1886,  Underground  and  Surface  Surveyor  for  Cooper,  Hewitt  &  Co.    1887-1891 
Draughtsman  and  Designer  and  Constructing  Engineer  of  Wire  Rope  Tramways  in 
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Montana,  Oregon,  Alaska,  and  California  for  the  Trenton  Iron  Co,,  Trenton,  New 
Jersey.     1891,  Resigned. 

Jenks,  Arthur  Wilton,  E.M., 1886. 

Chicago  and  Aurora  Smelting  Co.,  95  Lincoln  Avenue,  Aurora,  Ills. 
Summer  1886,  New  Jersey  on  (reological  Work.  1886-1887,  In  (/crro  dc  Pasco, 
Peru,  S.  A.  Assayer  and  Chemist  to  the  commission  examining  that  silver  miniuK 
district.  Spring,  1H87,  In  New  York,  Chemist  with  Lodoux  &  Co.  1887-18HH,  In  An- 
rora,  III.,  Assistant  at  the  works  of  the  (.^hicago  and  Aurora  Smelting  and  Refining 
Company.  Summer  and  Fall  1888.  In  Dutch  Guiana,  S.  A.,*  Assayer  and  Assistant  in 
the  examination  of  gold  deposits.  Fall  1888  to  date.  In  Aurora,  Ills.,  Assistant 
Superintendent  at  the  Aurora  Works  of  the  Chicago  and  Aurora  Smelting  and 
Refining  ('o. 

Jedp,  Bernard  John  Theodore,  C.E.,  ....     1887. 

328  De  Graw  Street,  Brooklyn,  N.  Y. 

Johnson,  Arthur  Gale,  E.M., 1885. 

Jensen,  Utah. 

Johnson,  Elias  Mattison,  Ph.B., 1878. 

Isaac G.  Johnson  &  Co.,  Spuyten  Duyvil,  N.  Y. 

Johnson,  Gilbert  Henry,  Ph.B., 1878. 

Isaac  G.  Johnson  &  Co.,  Spuyten  Duyvil,  N.  Y. 

Johnson,  Isaac  Bradley,  E.M., 1879. 

Isaac  (j.  Johnson  &  Co.,  Spuyten  Duyvil,  N.  Y. 

Jones,  William  Denison,  Ph.B., 1888. 

464  Clinton  Avenue,  Brooklyn,  N.  Y. 

JoPLiNG,  Reginald  Furness,  E.M.,        ....     1889. 

American  Wire  Co.,  842  Wilson  Avenue,  Cleveland,  Ohio. 
Novemhcr,  18H9  to  February,  1890,  Chemist,  Otis  Steel  Co.,  Ltd.     February.  It«y0  t<> 
date,  As8istant  Manager  Amerirjin  Wire  Va). 

Jouet,  Cavalier  Hargrave,  Ph.B.,       ....     1882. 

104  John  Street,  New  York  City,  and  llosellc,  N.  J. 
Analytical  CheraiRt  with  Ixidoux  &  Kicketts,  1H82-1H75.     Analytical  ("heuiist  with 
«.  H.  Nichols  &  Co.,  Acid  Manufacturers  at  laurel  Hill,  L^  I.,  from  I8K'>-1SKS.     Work 
comprising  analyses  of  their  various  products  and  a  partial  supervision  of  their  manu- 
facture.    Analytical  (*hemist  from  ISSS  to  present  time  with  Ricketts&  Banks. 

JuDD,  Chakles  Breck,  E.M., 1881. 

Mining  Engineer,  820  Penn  Avenue,  Pitt^sburgh,  Pa. 

Karr,  Corydon  Powell,  Ph.B., 1878. 

Architect,  and  Art  Editor  of  BuihUng,  23  Warren  Street,  New  York 
City. 

Kelly,  William,  A.B.,  E.M., 1877. 

Vulcan,  Menominee  Co.,  Mich. 
1877,  '79,  '80,  Assistant  Superintendent,  ('hemical  Copper  Co.,  Phoenixville.  Pi*.  1878, 
Chemist,  Nimrod  Furnace  Co.,  Youngstown,  Ohio.    1881-84,  Superintendent,  Kemblo 
Coal  and  Iron  Co.,  Riddlesbnr^,  Pa.;    1885,  Superintendent,  Glamorgan  Iron  Co., 
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Lewistown,  Pa.;  1886-89,  Superintendent,  Kemble  Iron  Co.,  Biddlesbarg,  Fa.;  In 
charge  of  Blast-furnaces,  Coal  Mines,  Coke  Ovens,  Ore  Mines,  Quarries,  Railroads, 
etc.  1889  to  date,  General  Superintendent,  Penn  Iron  Mining  Co.,  Vulcan,  Mich. ;  In 
charge  of  Iron-ore  Mines  on  the  Menominee  Range,  Lake  Superior.  Also,  1885-89, 
President  Board  of  Examiners  of  Bituminous  Mine  Inspectors  of  Pennsylvania. 

Kemp,  James  FuBMAN,  A. B.,  E.M.,  ....     1884. 

Adj.  Prof.  Geolog3%  Columbia  College,  School  of  Mines,  New  York 
City. 
Several  months  with  the  Rand  Drill  Co.,  1883-1884.  Private  Assistant  to  Prof.  J. 
S.  Newberry,  1884-85.  Student  of  Geology  and  Mineralogy  at  the  Universities  of 
Leipzig  and  Munich,  Germany,  1885-86.  Instructor  in  Geology.at  Cornell,  1886-88. 
A.<aistant  Professor  of  Geology  and  Mineralogy,  1888-91,  and  Secretary  of  the  Faculty, 
1888-89.  Have  travelled  in  the  West  in  1889,  and  for  two  summers  past  have  been 
working  on  the  Geology  of  the  Lake  Cham  plain  region  and  Adirondacks.  Am 
especially  engaged  on  Inorganic  and  Economic;  Geology.  1891,  Adjunct  Professor  of 
Geology,  School  of  Mines,  Columbia  College. 

KiNSEY,  Frank  Wilmarth,  C.H, 1891. 

Assistant  to  Engineers,  Rapid  Transit  Commission,   New  York  City, 
10  South  and  Street,  Newark,  N.  J. 

KissAH,  Henry  Snyder,  Ph. B., 1886. 

Architect,  J  307  Pacific  Avenue,  and  P.  O.  Box  2.  Tacoma,  Wash. 

Koch,  Edward  Cabot,  E.M., J 879. 

Assistant  General    Manager,   Elmore  G.   Co.,  Limited,  Rocky  Bar, 
Idaho,  and  160  E.  Fifty -sixth  Street,  New  York  City. 
1880,  1881,  1882,  Afisayer  and  Chemist  at  Smelt^i-s,  Leadville,  Colo.    18a3-18aS,  Sur- 
veyor and  Assistant  Superintendent,  L.  A.  G.  Mg.  Co.,  Colo.     1889  to  date,  Assistant 
General  Manager,  L.  S.  Co.,  Ltd.,  and  V.  (t.  Co.,  Ltd.,  Idaho. 

KoEN,  Joseph  John,  C.E., 1888. 

Board  of  Health,  301   Mott  Street,  New  York  City,  and  Pearsalls, 
N.  Y. 

1889-90,  Computer  on  New  Croton  Aqueduct.     1890-91,  to  date,  Sanitary  Engineer 
on  New  York  City  Board  of  Health. 

KuNHARDT,  Wheaton  Bradish,  E.M.  (Life  Meral>er),     .     1880. 

32  Beaver  Street,  New  York  City. 
1880-82,  Travel  and  Study  in  the  West  and  in  Europe.  iay3-88.  Engineer  for  the 
Bower-Barff  Rustless  Iron  Co.,  and  Assistant  of  Geo.  W.  Maynard  in  consulting  work 
oil  iron-mines  and  Ore-dressing.  1888-89,  First  Assistant  Engineer  of  the  Boston 
Heating  Co.,  under  A.  V.  Abbot,  as  Chief  Engin€>er.  1890-91,  Examination  and 
Exploration  of  Iron  and  (^1  Deposits  in  New  England,  with  the  Diamond  Drill. 
Report  on  Direct  Steel  Processes  and  on  Magnetic  Separation  for  Iron-ores.  Acting 
Secretary  of  the  American  Institute  of  Mining  Engineers  for  four  mouths. 

L. 

Lacombe,  Charles  Frederick,  E.M.,    ....     1885. 

The  Mountain  Electric  Co.,  1  and  2  Duff  Block,  1754  Larimer  Street, 

and  1 528  Gilpin  Street,  Denver,  Colo.    Also,  University  Club,  New 

York  City. 

1885  to  1886,  Assayer  and  Surveyor  and  Foreman  of  Lucky  Boy  and  South  Galena 

Mines,  in  Bingham,  Utah.    1886  to  1888,  Assistant  Instructor  in  Assaying,  and  Fellow 
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in  Chemistry,  School  of  MiDes,  Columbia  College,  N.  T.  1888  to  1890,  Examining 
Gold  and  Silver  Mines  in  Colorado,  Utah,  Montana,  Arizona  and  Old  Mexico.  1890, 
Testing  Electrical  Apparatus  in  Virginia  City,  Nevada.  1890,  Manager  of  the  Gilpin 
Co.  Light,  Heat  and  Power  Co.,  Central  City,  Colo.  1890  to  date,  President  and  Man- 
ager, The  Mountain  Electric  Co.  Specialty,  Installing  Electric  Light  and  Power 
Stations,  and  adapting  electric  light  and  power  for  mining  purposes. 

Lahey,  Joseph,  E.M., 1887. 

162  E.  Seventy-eighth  iStreet,  New  York  City. 

Lahey,  Richard,  E.M., 1887. 

162  E.  Seventy-eighth  Street,  New  York  City. 

Lamb,  Andrew  Johnson,  E.M., 1884. 

L.  &  N.  Railway,  Louisville,  Ky. 
June,  1884«  to  June,  1887,  New  York  Croton  Aqueduct,  Draughtsman.    June,  1887, 
to  Sept.,  1890,  Assistant  Engineer,  L.  &  N.  Railroad.    Sept.,  1890,  to  June,  1891, 
Assistant  Roadmaster,  Knox.  Div.,  L.  &  N.  Railroad. 

Langthorn,  J.  8.  (Associate), 1891. 

] 96  Joralemon  Street,  Brooklyn,  N.  Y. 

Lawrence,  Benjamin  Bowden,  E.M.,    .        .  .     1878. 

Hooker  &  Lawrence,  145  Broadway,  and  216  E.   Eighteenth  Street, 

New  York  City. 
1878-84,  Superintendent,  Montezuma  S.  M.  Co.,  and  of  other  mines  of  Summit  Co., 
Colo.  1884-91,  Lessee  and  Operator  of  Mayflower  and  Pelican-Dives  Mines,  Clear  Creek 
Co.,  Colo.  In  1886,  Formed  partnership  with  W.  A.  Hooker,  E.M.,  Class  of  1869,  with 
office  at  145  Broadway,  as  C/onsnltiug  Mining  Engineers.  I  make  a  specialty  of  oper- 
ating under  lease  or  otherwise,  true  fissure  Gold  and  Silver  Mines,  also  Concentration 
of  Gold -silver  ores.  Address  during  summer  of  1891,  Georgetown,  Colo.,  at  the 
Pelican-Dives  Mines. 

Leary,  Daniel  James,  C.E.,  E.M.,        ....     1881. 

Eagle  and  Provost  Streets,  Brooklyn,  N.  Y.,  22  State  Street  and  43  E. 
Twenty-fifth  Street,  New  York  City. 
1882  to  date.  Constructing  Highway  and  Railroad  Bridges,  Wharves,  bocks,  Dredg- 
ing and  Harbor  Improvements  generally,  in  vicinity  of  New  York  City,  as  Designin^^ 
and  Supervising  Engineer,  as  well  as  Contractor  in  most  instances.  Consulting 
Engineer  on  Improvement  of  Harbor  of  St.  John,  N.  B.,  preliminary  to  contracting^ 
for  same,  during  past  year.  In  general,  make  a  specialty  of  both  Engineering  and 
Constructing  work,  or  Engineering  work  alone,  in  this  branch  of  the  profession. 

Leahy,  George,  C.E., 1891. 

43  E.  Twenty-fifth  Street,  New  York  City. 

Leavens,  Harry  Wenman,  E.M.,  ....     1876. 

Salt  Lake  City,  Utah. 

LeBoutillier,  Clement,  Ph.B., 1881. 

High  Bridge,  New  Jersey. 
1884-7,  Assistant  Chemist,  Cambria  Iron  Co.     1887-91,  Chemist,  Eliza  Furnace. 

Lederle,  Ernst  Joseph,  Ph.B., 1886. 

Assistiint  Chemist,  New  York  City  Health  Dept ,  42  Bleecker  St. ,  and 
120  W.  90th  St.,  New  York  Cit}'. 
1886-87,  Hon.  Fellow  Quant.  Anal,  and  Assist.  Intr.  Gen.  Chemistry,  School  of 
Mines.    1887-88,  Chemist,  Cranmoor  Farm,  Tom's  River,  N.  J.    1888-89,  Asst.  Chem- 


—  39  — 

ist,  New  York  City  Health  Dept.    1890-91.  Chemist  and  Sapt.,  Reed  &  Carnrick,  New 
York.    1891-92  as  above,  specialties,  food  and  food  preparations. 

Ledoux,  Albert  Reid,  M.S.,  Ph.D.  (Associate),  .     1874. 

A.  R.  Ledoux  &  Co.,  10  Cedar  Street,  New  York  City. 

Lee,  George  B arstow,  E.M., 1 885. 

Rio  Orande  Smelting  Co.,  Socorro,  New  Mexico,  and  71  E.  Eighty- 
fourth  Street,  New  York  City. 
1865,  Assayer  in  Butte,  Montana.    1886-1887,  Assayer,  Kansas  City  Smelting  and 
Refining  Co.    1887  to  date,  Assistant  Superintendent,  Rio  Grande  Smelting  Co., 
Socorro,  New  Mexico. 

Leggett,  Thomas  Haight,  E.M., 1879. 

Standard  Consolidated  Mining  Co. ,  Bodie,  Cal. ,  and  26  Jamaica  Ave- 
nue, Flushing,  N.  Y. 
1880,  Assistant  Engineer,  New  York  River  and  Harbor  Surveys.  1881-1883,  Superin- 
tendent of  Mining  Properties  in  the  Batopilas  District,  Chihuahua,  Mexico.  18i^4, 
Travelling  in  the  West,  through  the  principal  Mining  Camps,  Butte,  Leadville,  etc. 
1884-1887,  Mining  Engineer  to  the  New  York  and  Honduras  Rosario  Mining  Co.,  at 
San  Juancito,  Honduras;  Office  at  18  Broadway,  City.  1888,  Manager  of  Mudsill 
Mining  Co.,  Fairplay,  Colo.;  Office,  23  Bucklersbury,  London,  E.  C.  1889-1890,  Gen- 
eral Manager,  Darien  Gold  Mining  Co.,  Ltd.,  of  Caua,  Rep.  of  Colombia,  and  86  King 
St.,  Manchester,  England. 

Lenox,  Lionel  Remond,  Ph.B., 1888. 

Inland  Stanford,  Jr.,  University,  Palo  Alto,  Cal. 
After  three  years'  work  in  the  School  of  Mines,  and  previous  to  my  senior  year,  I 
was  respectively  in :  1887,  three  months  Assistant  Chemist  to  Fulton  Sugar  Refinery. 
1887,  six  months  Assistant  Chemist  to  Bethlehem  Iron  Co.  1888-89,  Instructor  in 
Qualitative  Analysis  and  Assaying,  Lehigh  University.  1889-91,  Instructor  in  Quan- 
titative Analysis  and  Industrial  Chemistry,  Lehigh  University. 

Levy,  Albert  Lincoln,  E.M.,       .....     1890. 

Fischel  &  Levy,  Hartford,  Conn. 
LiLLIENDAHL,  ALFRED  WiPPLE,  E.M.,     ....      1883. 
Superintendent,  Mazapil  Copper  Co.  (Ltd.),  Concepcion  del  Oro,  Es- 
tado  de  Zacatecas,  Mexico  and  82  Danforth  Avenue,  Jersey  City,  N.  J. 
1888-91,  as  above. 

Lilliendahl,  Frank  Armstrong,  E.M.,        .  1891. 

Assistant  Superintendent,  Mazapil  Cooper  Co.  (Sta.),  Concepcion  del 
Oro,  Estado  de  Zacatecas,  Mexico,  and  82  Danforth  Avenue,  Jersey 
City,  N.  J. 
Ltlienthal,  John  Leo,  E.M.  (Life  Member),  .  1870. 

1918  Jackson  Street,  San  !Francisco,  Cal. 
1871,  Assistant  in  Laboratory,  Prof,  Chandler,  School  of  Mines.    Assistant  in  Field 
Work,  Prof.  Newberry,  Ohio  Geological  Survey.    Assistant  in  Lecture  Room,  Prof. 
Joy,   Columbia   College.    Assistant   in    Metallurgical    Laboratory,   Prof.    Egleston, 
School  of  Mines.     1872-1891,  Mercantile  Business,  San  Francisco. 

LiLLiE,  Samuel  Morris,  E.M., •  1874. 

328  Chestnut  Street,  Philadelphia,  Pa. 
1874-75,  Chemist,  Kings  County  Refining  Co.,  Green  Point,  L.  L    1876-85,  Chemist, 
Franklin  Sugar  Refinery,  Philadelphia,  Pa.    1886-1887,  Sugar  Engineer  and  Chemist. 
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18SS,  lHS9and  1890,  Vice-President  and  Manager  of  "  The  Sugar  Apparatus  Manufac- 
turing Co.,"  a  Company  organized  under  the  Laws  of  Pennsylvania,  to  operate  under 
his  patents.    1891,  President  of  said  Company. 

Lipps,  Henry,  Jr.,  C.E., 1888. 

R.  &  D.  R.R.,  Box  125,  Raleigh,  N.  C. 
From  July,  1888,  to  August,  1889,  Assistant  Engineer  Maint.  of  Way,  Dep.  R.  &  D. 
R.R.,  W.  N.  C.  &  Va.  Mid.  Div.     August,  1889,  to  January.  1890,  Superintendent 
Track,  N.  C.  Div.  R.  &  D.  R.R.    January,  1H90,  to  date.     Engineer  Maint.  of  Way, 
N.  C.  Div.  R.  &  D.  R.R. 

Little,  WiLLARD  Parker,  E.M.,  Ph.B.,        .        .        .     1881. 

Architect,  28  West  Twenty-Third  Street,  New  York  City. 

Livingston,  Archibald  Rogers,  C.E.,  ....     1891. 

20  North  Washington  Square,  New  York  City. 

Love,  Edward  Gurley,  A.M.,  Ph.B.,  Ph.D.,         .        .     1876. 

Gas  Kxaminer,  Department  Public  Works,  and  69  East  Fifty-fourth 
Street,  New  York  City. 

Ludlow,  Edwin,  E.M., 1879 

Superintendent  Choctaw  Coal  and  Railway  Company,  Hartshorn,  Indian 
Territory. 
1879-vSI,  Assistant  Engineer  in  charge  of  hydrograpbic  work  on  Delaware  River, 
under  U.  S.  Engineer.  1881,  Assistant  Engineer  Mexican  National  Railroad,  Mexico. 
18^2-89,  Assistant  Superintendent,  then  Superintendent,  for  Pennsylvania  Railroad 
coal-mines  at  Shamokin,  Pa.  1889  to  date,  Superintendent  of  Mines,  Choctaw  (V>al 
and  Railroad  Company,  Hartshorn,  Indian  Territory. 

LuQUER,  Lea  McIlvaine,  C.E., 1887. 

Tutor  in  Mineralogy,  School  of  Mines,  New  York  City,  and  Bedford, 
N.  Y. 

Summer  of  1887,  Assistant  in  Geodetic  Surveying  with  Professor  Rees.  Summer 
of  1887,  Assistant  in  Surveying  with  Professor  Monroe.  Summer  of  1888,  Assistant 
in  Geodetic  Surveying  with  Professor  Rees.  1887-90,  Fellow  in  Mineralogy,  School 
of  Mines.  1890,  Assistant  in  Mineralogy,  School  of  Mines.  1891,  Tutor  in  Mineral* 
ogy,  School  of  Mines. 

LuQUER,  Thatcher  Taylor  Payne,  C.E.,  E.E.  (1892), .     1889. 

Assistant  in  Mining.  Columbia  College,  School  of  Mines,  and  Bedford, 
N.  Y. 

1890,  Fellow  in  Engineering.  1890-91,  Fellow  in  Surveying  and  Practical  Mining. 
1891,  Assistant  in  Mining,  Columbia  College,  School  of  Mines. 

LusK,  Graham,  Ph.B.,  Ph.D.  (Munich,  1891),         .         .     1887. 
Assistant  Professor  of  Physiology  at  the  Yale  Medical  School,  New 
Haven,  Conn.     Address:  47  Kiist  Thirty-fourth  Street,  N.  Y. 
1887-1KS8,  Student  at  Munich.     1889,  Student  at  Munich ;  also  at  Bellevue  Hos- 
pital  Medical  (k)llege,   N.  Y.    1890,   Studied   at  Bellevue;  afterwards   in   Munich. 
1891,  Studied  at  Munich  ;    and  was  later  appointed   Instructor  of  Physiology  at  the 
Yale  Medical  School.     1892,  Assistant  Professor  of  Physiolog3\ 

Ldttgen,  Eberhard,  Ph.B., 1884. 

Wissahickon  Chemical  Works,   Ambler  and  Chelten  Hills,  Wynoote 
P.O.,  Pa. 


—  41  — 

« 

1884-85,  Assistant  Chemist,  Crsue  Iron  Company,  Oitasauqua,  Pa.  18a5  to  date, 
(•hemistand  Manager,  Keasbey  A  Mattison's  Chemical  Works,  Ambler,  Pa.  Specialty, 
manufacture  of  magnesia. 

LvMAN,  Frank,  A.B.,  M.E., 1878. 

President  Brooklyn  Gas  Light  Company,  180  Reiusen  Street,  and  50 
Renisen  Street,  Brooklyn,  N.  Y. 


M. 
McCdlloh,  Edwin  Austin,  Ph.B.,  ....     1878. 

Glencoe,  Md. 

McKenna,  Charles  Francis,  Ph.B.,     ....     1883. 

J.  J.  McKenna  &  Bros.,  Brass  Founders,  424,  426  East  Twenty-third 

Street,  and  144  West  Ninety-ninth  Street,  New  York  City. 

1883-84,  Chemist  Havemeyer  Sugar  Refining  Company,  Jersey  ('ity,  N.  J.     1RH'>-  vS6, 

Chemist  Cambria  Company,   Johnstown,   Pa.      1887-90,   Chemist   Edgewater  Lime 

Works,  Edgewater,  N.  J.     1890,  Chemist  Jas.  J.  McKenna  &  Bros.,  Brass  Founders, 

424,  426  East  Twenty-third  Street,  New  York  City. 

McKiM,  Robert  Albert,  C.E., 1884. 

Room  213,  280  Broadway,  and  46  West  Ninth   Street,   New  York 
City. 
Assistant  Engineer  on  New  (Proton  Aqueduct.     (Entered  Aqueduct  FIngineer  Corps 
as  Chainman,  in  February,  1885.) 

McLaughlin,  Charles  Swain,  Ph.B.,    ....     1884. 

2041  Fifth  Avenue,  New  York  City. 

MacKaye,  Harold  Steele,  C.E., 1887. 

Room  87,  Patent  Office,  and  1342  Q  Street,  N.W.,  Washington,  J).  C. 
Three  months'  work  in  New  York  Harbor  in  Army  Corps  of  Engineers.    One  year's 
employment  in  the  Office  of  Patent  Solicitors.    Since  May,  1889,  acting  as  Fourth 
Assistant  Examiner  of  the  U.  S.  Patent  Office. 

MacTeague,  John  Joseph,  E.M., 1883 

Mina  de  San  Salvador,  Sierra  Mojada,   Coahuila,  Mexico,  and  care 
Mexican  Ore  Company,  Kl  Paso,  Texas. 

Maclay,  James,  C.E., 1888. 

Tutor  in  Mathematics,  Columbia  College,  and  87  Union  Street,  New- 
ark, N.  J. 

Mahony,  Arthur  Stuart,  E.M., 1889. 

New  Birmingham,  Cherokee  County,  Texas. 
1890,  First  Assistant  Genei'al  Manager  of  the  New  Birmingham  Iron  and  Land 
(Company.     1891,  Treasurer  of  the  same  comj)any,  also  Chemist  to  the  Tassie  Belle 
Furnace,  New  Birmingham,  Texas. 

Mannheim,  Hermann  Charles,  E.M.,  ....     1887. 

St.  Louis  Smelting  and  Refining  Company,  Howard  Station,  St.  Louis, 
Mo. 

Mannheim^  Paul  August  Louis,  E.M., .        .        .        .     1885, 

United  Smelting  and  Refining  Company,  Great  Falls^  Mont. 


-42  — 
Mari£,  Leon,  E.M., 1885. 

G.  H.  Bush,  146-150  Centre  Street,  and  33  East  Twenty-eighth  Street, 
New  York  City. 

Marsh,  Charles  Wells,  Ph.B.,  Ph.D.,  .        .1879. 

435  Fifth  Avenue,  N.  Y.  City. 
1879,  Assistant  in  Qnal.  Analysis,  School  of  Mines.  1880-83,  Assistaat  in  Analy- 
tical Chemistry  and  Mineralogy,  Princeton,  N.  J.  1883-84,  at  work  in  Professor  Hof- 
man's  Laboratory,  Berlin,  Qermany.  lb86-89,  Instructor  in  Organic  Chemistry, 
Lehigh  University,  South  Bethlehem,  Pa.  At  present,  prospecting  and  chemist, 
Johnson  City. 

Marsh,  John  Rollin,  E.M., 1887. 

Chief  Engineer  Indiana  Bridge  Company,  Muncie,  Ind. 
August  Ip  1887,  to  date,  as  above. 

Martin,  Edward  Ward  (Associate),       ....     1877. 
Chemist,  Board  of  Health,  301  Mott  Street,  New  York  City. 

Massa,  Charles  Griswold,  C.E., 1889. 

Engineers'  Office,  P.  R.R.,  Ft.  Wayne,  Ind.,  and  Fort  Lee,  N.  J. 
Oct.  1889  to  date,  on  railroad  and  street  railway  construction,  and  miseellaneous 
works. 

Massa,  Louis  Ferdinand,  C.E., 1890. 

Sparrow's  Point,  Baltimore  County,  Md. ,  and  Fort  Lee,  N.  J. 
October,  1890,  to  date,  shop  practice,  Maryland  Steel  Works. 

Mathis,  Theophilus  Smith,  E.M.,  .... 

Engineer  of  Mines  and  Deputy  U.  S.  Mineral  Surveyor,  Telluride«  Col. 

Meissner,  Carl  August,  Ph.B., 1880. 

Vanderbilt  Steel  and  Iron  Company,  Box  867,  Birmingham,  Ala. 
One  year,  Assistant  Chemist  Joliet  Steel  Company.  Three  years,  Chemist  and 
Assistant  Superintendent  Brier  Hill  Iron  and  Coal  Company,  Youngstown.  Ohio. 
One  and  a  half  years.  Head  Chemist  Joliet  Steel  Company.  Three  years,  Manager 
Sterling  Iron  and  R'wy  Company,  Sterlington,  N.  Y.  At  present.  Vice  President 
and  General  Manager  of  the  Vanderbilt  Steel  and  Iron  Company,  Birmingham,  Ala., 
after  having  personally  organized  this  company. 

Melliss,  D.  Ernest,  A.M.,  Ph.D.  (Associate),.        .        .    1868. 

Price's  Building,  524  Sacramento  Street,  San  Francisco,  Cal. 
Student  regular  course,  three  years,  School  of  Mines.  Afterwards,  two  and  a  half 
years  University  of  Gtoettingen,  graduating  Ph.D.,  in  1869.  One  year  at  University 
of  Vienna.  Since  then,  constantly  occupied  in  civil  and  mining  engineering.  In 
1873,  was  Chief  Engineer  in  charge  of  Topographical  and  G^logical  Survey  of  Guano- 
caste  and  Nicoya  for  the  Costa  Rican  Government.  In  1881,  Consulting  Engineer  to 
the  Pacific  Gkus  Light  Company,  of  San  Francisco,  and  in  its  interest  studied  the  dif- 
ferent gas-making  systems  in  the  United  States,  England,  France  and  Belgium. 
Have  made  plans  for  and  erected  numerous  gold,  silver,  copper  and  lead  mines. 
Planned  the  Union  Iron  Works  of  San  Francisco,  and  superintended  their  construc- 
tion ;  also  the  Arctic  Oil  Works  and  several  other  industrial  establishments  on  the 
Pacific  Coast.  Designed  and  built  the  Mazatl^n  Water  Works  in  Mexico;  the  Hy- 
draulic Press  Brick  Works,  of  California,  the  largest  establishment  of  its  class  on  the 
Pacific  Coast.  Four  years  in  Central  America  and  Mexico.  Was  Administrator  of 
San  Jos^  de  las  Bocas  and  Consulting  Engineer  to  Guadalupe  de  los  Reyes,  the  most 
successful  silver  mine  of  Sinaloa.    Am  now  Consulting  Engineer  in  San  f^rancisco. 
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Merrill,  Frederick  James  Hamilton,  Ph.B.,  Ph.D.,  .     1885. 

State  Museum,  and  2  Sprague  Place,  Albany,  N.  Y. 
1885-87,  Assistant  on  the  Gteological  Survey  of  New  Jersey.    1886-90,  Fellow  in 
Geology,  Columbia  CV))leKe.    1890  to  date,  Assistant  State  Geologist  and  Assistant 
Director  of  the  New  York  State  Museum,  Albany,  N.  Y. 

Merritt,  James  Haviland,  Pu.B.,        ....     1880. 
Columbia  College,  School  of  Mines,  and  3  Monroe  Place,  Brooklyn, 

N.Y. 

From  1881-1888,  Chemist  to  the  Bradley  White  Lead  Co.    In  1889,  entered  the 
School  of  Mines  as  Post  Graduate  in  the  course  of  Architecture. 

Merwin,  Hubert  John,  E.M., 1879. 

Address  unknown. 

Meserole,  Walter  MoNFORT,  C.E..       ....    1881. 

Engineer,  Atlantic  and  Van  Siclen  Avenues,  Brooklyn,  N.  Y. 

Meyer,  Herman  Henry  Bernard,  E.M.,  .        .     1885. 

539  W.  Twentieth  Street,  New  York  City,  and  162  Heywood  Street, 
Brooklyn,  N.  Y. 
Surveying,  Field  and  Office  work  at  Pelham  Park,  Westchester  Co.,  July  to  No- 
vember, 1885.    December,  1885  to  date,  Engineer  for  Oregon  Iron  Works,  New  York  ; 
designing  and  erecting  machinery  for  manufacturing  illuminating  gas. 

Middleton,  John,  C.E., . 1887. 

350  Clermont  Avenue,  Brooklyn,  N.  Y. 

Miller,  Charles  Lewis,  E.M., 1885. 

Illinois  Steel  Company,  3179  Ashland  Avenue,  Chicago,  III. 
1885-86,  Chemist  Iron  Works,  Pa.    1886-91,  Blast-Fumace  Manager  in  Penn.,  Nev., 
and  Ills. 

Miller,  Charles  Watts,  E.M 1884. 

Box,  401,  Aspen,  Colo. 
1884-1885,  Metallurgical  Engineer  Hecia  Bronse  and  Iron  Works.    1885-1886,  As- 
sayer  and  Chemist,  Aspen,  Colo.    1886-1891,  Mining  Engineer  and  United  State 
Deputy  Mineral  Surveyor,  Aspen,  Colo.    General  mining  engineering  business. 

Miller,  Edmund  Howd,  Ph.B.,  A.M.  (1892),.  .     1891. 

Assistant  in  Assaying,  Columbia  College  School  of  Mines,  and  Mont 
Moor,  N.  Y. 

Miller,  Rudolph  Philip,  C.E., 1888. 

Box  355,  Richmond,  Ya. 
1888-1890,  Assistant  to  E.  M.  W.,  1890  to  date.  Supervisor  B.  and  D.  Railway. 

MiLLiKEN,  George  Fanshawe,  E.M.,    ....    1879. 

Land  Department,  N.  P.  R.  R.,  Tacoma,  Wash.,  and  Union  Ijcague 
Club.  New  York  City. 
1879-1880,  Superintendent  '*  Milton  Mining  Company."    1880-1883,  General  Mana- 
ger "  Chester  Mining  Company."    1883-1887,  In  General  Consulting  Practice  as  En- 
gineer.    1887-1890,  General  Manager  "  Costa  Rica  Mining  Co.,  Ltd."     1890  to  date, 
Consulting  Engineer  Northern  Pacific  Railroad. 

MoFFATT,  Edward  Stewart,  A.B.,  A.M.,  E.M.,     .  1868. 

General  Manager  Lackawanna  I.  &  S.   Co.,  and  306  Quincy  Ave., 
Scranton,  Pa. 
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For  a  moiitb  or  so  during  Summer  of  186H  worked  at  Bhist  Furnaces  of  Bethlehem 
Iron  O).  During  sessions  of  18<>H-18(>9  and  1809-1870  was  Adjunct  Professor  of  Min- 
ing and  Metallurgy  at  Lafayett^^  (>)llege,  Easton,  Pa.  From  1870-1H72,  Engaged  in 
Kngine<vring  and  MetiilUirgical  Work  in  Northern  New  Jersey.  From  1872-1876, 
was  Manager  of  Port  Oram  Bljist  Furnace,  New  Jer8ej\  From  187G-1878,  Superin- 
tending (construction  of  Si'caurus  Blast  Furnace.  From  1878-1882,  was  Manager  of 
the  Blast  Furnace  and  Mines  of  the  Musconetcong  Iron  (k>.  1882-1886,  Superintend- 
ent of  Blast  Furnac;es  and  Assistant  (General  Manager  Ijackawanna  Iron  and  Coal  Co. 
188<j-lH9l,  (Jeneral  Manager  Lackawanha  Iron  and  Coal  Co.  From  January  1,  1891, 
General  Manager  Lackawanna  Iron  and  Steel  Co.,  the  new  company  which  has  been 
formed  by  consolidation  of  Lackawanna  Iron  and  Coal  Co.  and  Scranton  St.eel  Co. 

MoLDEHNKE,  RicHARD  Qeorge  Gottlob,  E.M.,  Ph.D.,  .     1885. 
JMcConway  &  Torley  Co.,  Forty-eighth  Street  and  L.  V.  R.R.,  Pitts- 

burgli,  Pa. 
18K*i,  '86,  '87,  Three  Summer  seasons  with  United  States  Coast  and  Geodetic  Sur- 
vey, New  York  and  Philadelphia  Harbors  and  Cape  Cod,  Mass..  Hydrographic  Work, 
Triangulation,  Levelling,  etc.  1KS.V188<>,  Winter,  nine  mouths,  8ant/arv  Engineering, 
Inspector,  etc.,  New  York  Association  for  Improvement  of  Condition  of  Poor.  1887 
-1889,  Klectrical  Engineering,  five  months  Mining  Engineer  Sprague  Electric  Railway 
and  Motor  Co.,  seven  months  Mechanical  Engineer  Crocker- Wheeler  Motor  Co.,  five 
months  experimenting  on  patents  taken  out.  1889,  Manufacturing  for  myself.  Spe- 
cialty in  Machinists'  Tools.  1889-1890,  Professor  Mechanical  and  Electrical  Engineer- 
ing Michigan  Mining  .School,  Houghton,  Mich.  1890  to  present  time.  Mechanical  En- 
gineer McC'onway  &  Torley  C-o.  (Manufacturers  Jauney  (^/oupler,  M.  ('.  B.  type).  Spe- 
cialty, Malleable  Castings  for  Railroa<ls,  etc.,  outside  of  regular  Engineering  work. 
Chemist  and  Physical  investigation  in  line  of  Malleablizing  Irons,  Gas  Producing,  et<2. 

MoNELL,  Joseph  Thompson,  C.E., 1889. 

Cohimbia  College,  and  236  W.  Twenty-second  Street,  New  York  City. 

Montenegro,  Manuel  Rafael,  E.M  ,  .         .         .        .     1890. 

35  Broadway,  New  York  (Uty. 

Mora,  Mariano  IjUis,  O.E., 1891. 

Address  unknown. 

Mora N,  Daniel  Edward,  C.E., 1884. 

Sooy.«mith  &  Co.,  2  Nassau  Street^  and  20  W.  Eighteenth  Street,  New 
York  City. 

Morgan,  Lancaster,  Ph. B., 1888. 

Ilud.son  River  Chemical  Works,  47  Fulton  Street,  and  Calumet  Club, 
New  York  City. 

Morgan,  William  Fellowes,  A.B.,  E.M.  (Life  Member),     1884. 
Brooklyn  Brid.^e  Freezing  and  Storage  Co. ,  Arch  4  Brooklyn  Bridge, 
New  York  ('ity,  and  Short  Hills,  N.  J. 
l<sSl-lS?<.s.  Banking  and  Brokerage.     1888  to  date,  as  above. 

Morris,  Gouverneur  William,  E.M.,  ....     1878. 

Meyers,  Rutherford  &  Co.,  58  Wall  Street,  and  55  W.  Thirty-third 
Street,  New  York  City. 
Banker  and  Broker. 

MosLEY,  Richard  Keeler,  Fh.B.,  ....     1889. 

Architect,  139  Glenwood  Avenue,  Orange,  N.  J. 
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MoBEs,  Alfred  Joseph,  E.M.,  Ph.D.,      ....     1882. 

Adj.  Professor  Mineralogy,  Columbia  College  School  of  Mines,  New 
York  City. 
1882-1885,  Assistant  in   Mineralogy,  School  of  Mines.     1885-1890,  Instructor  in 
Mineralogy  and  Metallurgy.     1890  to  date,  Adjunct  Professor  of  Mineralogy.    Man- 
aging Editor  School  OF  MiNKK  Quarterly. 

MuLFORD,  Robert,  E.M., 1884. 

Mt.  Vernon,  N.  Y. 
1890,  Assistant  Superintendent  Rio  del  Oro  Gold  Co.,  Argentine  Republic,  S.  A. 
1891,  Honduras? 

MuLLER,  George,  Ph.B., 1887. 

Chemist,  Penokie  and  Gogebic  Consol.  Mines,  and  Box  148,  Iron  wood, 
Mich. 

MuNoz  DEL  Monte,  Adolpho  Cari^os,  C.E.,  Ph.B.,         .     1888. 

Address  unknown. 

MuNROE,  Henry  Smit^,  E.M.,  Ph.D.,     ....     1869. 

Professor  Mining,  Columbia  College  School  of  Mines,  and  45  Sidney 
Place,  Brooklyn,  N.  Y. 
1869-1870,  Post  Graduate  student  in  Chemistry  and  Kconomic  Geology,  Si-hool  of 
Mines.  1870-1871,  Assistant  Geologist  Ohio  State  Geological  Survey.  1870-1872,  As- 
sistant Chemist,  Department  of  Agriculture,  Washington,  D.  C.  1872-1875,  Assist- 
ant Geologist  and  Mining  Engineer,  Geological  Survey  of  Yeddo,  Japan.  1875-1876, 
Professor  of  Geology  and  Mining,  University  of  Tokio,  Japan.  1877-1891,  Adjunct 
Professor  of  Surveying  and  Practical  Mining,  and  1891,  Professor  of  Mining,  School  of 
Mines  Columbia  College,  New  York  City.  Specialties,  Economic  Geology,  Ore  Dress- 
ing, and  Mining  Engineering. 

MuNROE,  Otis  Mortimer,  Ph.B., 1879. 

Banker,  De  Soto,  Mo. 

MuNSELL,  Charles  Edward,  Ph.B.,  Ph.D.,  .         .         .     1878. 

Assistant  Chemist,  F.  W.  DcVoc  &  Co.,  1(K)  Horatio  Street,  New 
York  City,  and  Rye,  N.  Y. 
November,  1868,  with  A.  E.  Poote,  Mineral  Dealer,  Philadelphia.  March,  1879, 
with  T.  a.  Edison,  Menio  Park,  N.  J.  May,  1879,  Chemist,  Bushwick  Chemical 
Works,  Brooklyn,  N.  Y.  October,  1879,  Stencilographer  and  Olestyper,  School  of 
Mines,  N.  Y.  January,  lf<80  to  December,  1885,  Milk  Inspector,  New  York  City 
Health  Department.  July,  1881  to  May,  1883,  State  Milk  Inspector,  New  York  State 
Board  of  Health.  January,  1886  to  date,  Analyst  and  Assistant  Chemist,  F.  W.  Devoe 
&  Co.,  New  York  City.    Si>ecialty,  Paints  and  Colors. 

MuRPHY,  Henry  Morgan,  E.M., 1878. 

Murphy  Varnish  Co.,  Chestnut  and  McWhorter  Streets,  Newark,  N,  J. 

Murphy,  John  Glenville,  F].M.,  C.E.,  ....     1877. 

350  Howard  Avenue,  New  Haven,  Conn.,  and  Box  703,  Middletown, 
Conn. 
Assistant  Superintendent  Orinoco  Exploring  and  Mining  Co.,  Gold  Mine.  Assist- 
ant Superintendent  C^allao  Gold  Mining  Co.  Territorial  Geologist  of  Wyoming.  Su- 
perintendent Esmeralda  Mining  Co.,  Black  Hills,  Dakota,  Gold  Mine.  Superintend- 
ent New  York  and  Lee  Mountain  Syndicate,  Montana,  Lead-Silver  Mines.  I  have 
made  professional  examinations  in  nearly  all  parts  of  the  United  States,  the  Pachuca 
Silver  and  Jugnann  Copper  Districts  in  Mexico,  and  two  and  half  years  ago  made  a 
six  months'  trip  in  Colombia  and^Ecuador. 
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N. 
Napikr,  Arthur  Howell,  E.M., 1884. 

Sanitary  Engineer,  Lincoln  Bldg. ,  1  Union  Square,  West,  New  York 

City,  and  179  Harrison  Street,  Brooklyn,  N.  Y. 
1884,  Sanitary  Engineer  and  Inspector  for  New  York  State  "Tenement  House  Com- 
mission "  and  New  York  "  Society  for  Improving  Condition  of  Poor."    1885-1889, 
"Assistant  Sanitary  Engineer,"  New  York  Health  Department.    1889  to  date,  Prac- 
ticing as  Sanitary  Engineer,  New  York  City. 

Navarro,  Juan  Adalberto,  C.E., 1880. 

Tapachula,  Chiopas,  Mexico,  and  Care  Mexican  Consul  General,  35 
Broadway,  New  York  City. 
1881-1882,  Civil  Engineering  Course  in  Polytechnicom,  Hanover,  Germany.  1882- 
1884,  Mexican  Government  Commissioner  to  study  railway  systems  of  Europe.  1885 
-1886,  Railroad  Inspector  in  Interoceanic  Railroad,  Mexico.  1886-1887,  Assistant 
Compiler  of  Memoir  published  by  Department  of  Public  Works  (.Fbmento),  Mexico. 
1887  to  date,  Engineer  in  charge  of  Surveys  and  Representative 
Mexican  Land  and  Colonization  Co. 

Neptel,  Knight,  C.E.,  Ph.D., 

115  Broadway,  New  York  City. 

Nebmith,  James,  E.M., 

256  Henry  Street,  Brooklyn,  N.  Y. 

Nettre,  Lionel  Robert,  E.M., 

Grillparzer  Strasse,  No.  11,  Vienna,  Austria. 

Newberry,  Spencer  Baird,  E.M.,  Ph.D., 

Professor  Chemistry  Cornell  University,  Ithaca,  N.  Y. 

Newberry,  Wolcott  Ely,  E.M.,    . 

General  Manager  Enterprise  Mining  Co. ,  Aspen,  Colo. 
1885-1885,  Metallurgist  Casa  Grande  Co.,  Arizona.  1885-1886,  Assistant  Superin- 
tendent Cananea  Mg.  Co.,  Sonora,  Mexico.  1886-1887,  Superintendent  Argentum 
Mining  Co.,  Aspen,  Colo.  1887,  General  Manager  Aspen  Mg.  and  Smelting  Co.,  As- 
pen, Colo.  1888  to  present  time.  General  Manager  Enterprise  Mg.  Co.,  Aspen,  Colo. 
Superintendent  Aspen  Contract  Mg.  Co.,  Aspen,  Colo.  Superintendent  Mutual  Benefit 
Mining  and  Milling  Co.,  Aspen,  Colo.  Specialty,  Limestone  Ore  Deposits.  Have 
done  much  general  professional  work,  examination,  etc. 

Newbrough,  William,  A.B.,  E.M.,        ....    1884. 
Prof.  Engineering,  State  College  of  Kentucky,  Jjezington,  Ky.,  and 
128  W.  Thirty-fourth  Street,  New  York  City. 
Newhouse,  Edgar  Lieber,  E.M., 1876. 

75  and  77  Worth  Street,  New  York  City. 

Noble,  Louis  Spencer,  E.M., 1886. 

76  W.  Ninetieth  Street,  New  York  City,  and  Ijeadville,  Col. 
1885-1889,  Mining  Engineer  to  Iron-Silver  Mg.  Co.,  and  Nisi  Prins  Cons.  Mg.  Co., 

of  Leadville,  Colo.  Also  during  1889  Consulting,  Reporting  and  Law-suit  work  on 
other  Colorado  properties.  1889-1890,  Superintendent  of  Mines  and  Mining  En- 
gineer to  Constancia  Mining  and  Smelting  Co.,  at  Sierra  Mojada,  Coahuila,  Mexico. 
1890-1891,  Mining  Engineer  on  Law-suit  preparation,  with  Blue  Bird  Mining  Co., 
Ltd.,  of  Butte,  Montana.    Specialty,  Lead,  Silver  and  Gold  Mines  and  Mining. 


in  Chiopas  of  the 

.  1879. 

.  1879. 

.  1869. 

.  1878. 

.  1884. 
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Nolan,  Thomas,  M.S.,  Ph.B., 1884. 

Architect,  503  Wilder  Building,  Rochester,  New  York. 

NoRBis,  Dudley  Hiram,  E.M., 1877, 

Lawyer,  Mills  Building,  35  Wall  Street,  New  York  City. 
NoRRiB,  Robert  Van  Arsdale,  E.M.,    ....     1885. 

Assistant  Engineer,  P.  R.  R.,  Dept.  of  Anthracite  Coal.  First  National 
Bank  Building,  and  7  S.  Franklin  Street,  Wilkesbarre,  Pa. 
1885,  Assistant  in  Piuctical  Mining  and  Sarveying,  Sobool  of  Mines.  U.  S.  Inspector 
of  Dredging,  in  charge  of  Maarice  River  Improvement,  Millville,  N.  J.  1886,  Chem- 
ist, Herman  Behr,  Manufacturer  of  Colors,  Brooklyn,  N.  T.  June,  1886,  to  date.  Assist- 
ant Engineer,  Pennsylvania  Railroad,  Department  of  Anthracite  Coal  Collieries.  Spe- 
cialty, Mechanical  Engineering  of  Collieries. 

Norton,  Lucien  Holley,  E.M., 1886. 

123  Fairfield  Avenue,  Bridgeport,  Conn. 
1887-1890,  Engineering  Office,  N.  Y.,  N.  H.  &  W.  R.  R.  Experience  in  Railroad 
Construction,  Location  and  Preliminary  Surveys,  Office  Work  and  Oeneral  Survey- 
ing. 1890,.  Assayer  and  Engineer  to  West  Indian  New  Giold  Mining  Corporation,  San 
Domingo,  West  Indies.  Experience  in  Free  Melting  of  Gold-ores,  Assaying,  Survey- 
ing, etc.  January,  1891,  to  date,  Assayer  for  Daly  Mining  Co.,  Park  City,  Utah. 
Experience  in  Assaying,  General  Analyses.  Also  Leaching  of  Silver-ores  by  the 
Russell  Process. 

N0YE8,  James  Atkins,  Ph.B.,  A.  B.  (Harvard,  '83),  (Life 

Member),       . 1878. 

74  Sparks  St. ,  Cambridge,  Mass. 
NoYBB,  William  Skaatb,  E.M., 1876. 

Shafter,  Presidio  Co.,  Texas,  or  2023  Summit  St.,  Oakland,  Cal. 
1877-1879,  Assayer  for  McCrackin  Mining  Co.,  Mohavd  Co.,  Arizona.  1879-1881, 
Foreman  of  Bodie  Mill,  for  Bodie  Coal  Mining  Co.,  Bodie,  Cal.  1881-1883,  Examining 
Mines  for  San  Francisco  Capitalists.  1883  to  present  time.  Superintendent  of  Pre- 
sidio Mining  Co.,  and  The  Cibilo  Creek  Mill  and  Mining  Co.,  Shafter,  Presidio  Co., 
Texas. 

Nye,  Alvan  Crocker,  Ph.B., 1884. 

Tiffany  Glass  Co. ,  333  Fourth  Avenue,  and  107  E.  Seventieth  Street, 
New  York  City. 
1884-85,  Draughtsman,  C.  C.  Haight,  Architect,  New  York  City.    1885-90,  Designer 
and  Head  Draughtsman,  Herter  Brothers,  New  York  City.    1890  to  date,  Furniture 
Designer  and  Architect,  The  Tiffany  Glass  Co.,  New  York  City. 

o. 

O^CoNNOR,  Michael  Joseph,  E.M.,  Ph.B.,      .  .    1881. 

Architect  (1884),  28  W.  Twenty-third  Street,  New  York  City. 

O'Connor,  Thomas  Devlin,  Ph.B.,        ....    1881. 

O'Connor  &  Elliott,  16  Exchange  Place,  and  12  E.  Forty-fourth  Street, 
New  York  City. 

Olcott,  Eben  Erskine,  E.M., 1874. 

Mining  and  Metallurgical  Engineer,  18  Broadway,  New  York  City. 
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OoTHouT,  Edward  Austin,  E.M., 1882. 

41  Liberty  Street,  New  York  City. 

Ormsbee,  James  Jackson,  E.M., 1886. 

Tennessee  Coal,  Iron  and  Railway  Co.,  Whitwell,  Tenn. 
1886-91,  Mining  Engineer  at  Tracy  City  Mines,  of  Tennessee,  Coal,  Iron  and  Rail- 
road ('o.     1891  to  date.  Superintendent,  Thomas  Coal  Mines,  of  Tennessee  Coal,  Iron 
and  Railroad  Co.,  Whitwell,  Tenn. 

OsTERHELD,  Theodore  \V.,  E.M., 1886. 

Franklin,  Pendleton  Co.,  West  Va.,  and  Yonkers,  N.  Y. 
Assislant  Superintendent  of  Blast-furnaces,  P.  S.  Co.,  1886-87.  General  Foundry 
Practice,  Worthington  P.  Works.  1887-88.  Owner  of  Foundry  and  General  Iron 
Works,  1888  89.  Vice-President,  Pendleton  Mining  Co.,  and  Consulting  Engineer, 
1889,  '90,  '91,  and  General  Consulting  Engineer,  Iron  and  Coal  Specialty,  and  Metal- 
lurgist of  Iron  and  Finished  Manufacturing.  Interval  of  1880-91,  of  the  months 
December  to  Maj',  Superintending  Construction  of  Rolling  Mill,  Southwest  Virginia. 
Specialty,  Coal  and  Iron  of  the  Virginias.  President  of  the  Southern  Reducing  Co., 
Experts,  Chemists  and  Mining  Engineers. 

Owen,  Frederick  Nash,  E.M., 1878. 

Civil  and  Sanitary  Engineer,  58  W.  Ninety-first  Street,  New  York  City. 


Page,  George  Stfphen,  E.M., 1885. 

Black  Diamond  Steel  Works,  Park  Bros.,  Pittsburgh,  Pa. 

Page,  William  Stevens,  E.M., 1882. 

Aqueduct  Commissioner,  Sing  Sing  N.  Y. 

Painter,  Charles  Albert,  E.M.,  ....     1884. 

Pittsburgh,  Pa. 

Painter,  George  Edwards,  Ph.B..        ....     1883. 

P.  0.  Box,  1458,  Pittsburgh,  Pa. 

Parker,  Andrew  McClean,  E.M.,        ....     1880. 

Assistant  Engineer,  Dept.  of  Docks,  Pier  A,  New  York  City. 

Parker,  Hersohel  Clifford,  Ph.B.,     ....     1890. 

Dept.   of  Physics,   Columbia  College,  New  York    City,  and  21  Ft. 
Greene  Place,  Brooklyn,  N.  Y. 
1890-91,  Fellow  in  Physics,  Assistant  Instructor,  Course  in  Physical   Measure- 
ments. 

Parker,  Richard  Alexander,  C.E.,     ....     1878. 

East  Ohio  Street,  Marquette,  Mich. 
1878-79,  Assistant  Superintendent,  Montczunm  Silver  Minin|r  Co.,  Montezuma, 
Colo.  1880-81,  Surveyor  at  Georgetown.  1881-82,  Chief  Draughtsman,  Mexican 
Natl.  Cons.  Co.,  Laredo,  Texas.  1883-84.  Examining  Mines  in  Colorado.  Utah  and 
Idaho  mainly.  1885-8(5.  Superintendent,  Atlanta  Hill  Gold  ('o.  Also  Sui)erintendeut 
(at  same  time)  of  the  Big  Lode  (Gold)  Co.,  Atlanta,  Alturas  Co.,  Idaho.  1887  to  date, 
Resident  Manager  and  Agent  for  Samson  Iron  Co.,  Imperial  Iron  Co..  and  Barassa  Iron 
Co.  Also  Consulting  Mining  Engineer.  Specialties,  Gold  and  Silver  Mining  and  Mill- 
ing, and  Iron -ores. 
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Pabks,  John  Randolph,  E.M., 1880. 

Helena,  Mont. 
Consulting  Mining  Engineer. 

Pa  RAG  A,  CHARJiES  FREDERICK,  C.E.  (Life  Member),       .     1883. 

58  William  Street,  and  145  W.  Ninety-seventh  Street,  New  York  City. 
1883-84,  Inspector  of  Constrnction  of  Bridges  and  Railroad  Material  in  Europe. 
1884-^,  Railroad  Engineer  in  Colombia,  S.  A.    1887  to  date,  General  Expert  Busi- 
ness.   At  present  Delegate  from  Colombia  to  the  Inter-Continental  Railway  Commis- 
sion at  Washington,  D.  C. 

Parrot,  Edward  Moore,  E.M., 1870. 

Furnaceville  Iron  Co.,  Sterling,  N.  Y. 

Parsons,  George  Rowland,  E.M.,         .    '    .        .        .     1868. 

Colorado  Springs,  Colo. 
1870  to  1880,  In  Nursery  Business  at  Flushing,  L.  I.  1880  to  present  time,  Secre- 
tary and  Greneral  Manager  of  the  The  Colorado  Springs  Co.,  and  of  The  National 
Land  and  Improvement  Co.,  of  (^olorado,  with  Central  Office  in  Colorado  Springs. 
Experienced  in  the  development,  improvement  and  sale  of  lands  in  Colorado,  espe- 
cially in  and  around  Colorado  Springs,  Manitou  and  Pueblo,  also  in  irrigation  works 
and  growth  of  trees  in  Rocky  Mountain  region.  Specialty,  Investments  in  Real 
Estate,  Mortgages  and  Mines  in  Colorado. 

Parsons,  Henry,  C.E., 1888. 

1033  Madison  Avenue,  New  York  City. 

Parsons,  William  Barclay,  A.B.,  C.E.,        .        .        .     1882. 

35  Broadway,  and  51  East  Fifty-tbird  Street.  New  York  City. 
188],  Engineer  on  location  Amst.  and  Pine  Creek  Railroad.  Engineer  Blossburg 
Coal  Company.  18^,  entered  service  Erie  Railway,  Maintenance  of  Way  Depart- 
ment, 1885,  resigned  from  Erie  and  commenced  practice  in  New  York  as  consulting 
engineer,  with  railways  and  water  works  as  specialties.  Have  been  connected  since 
then  with  following  works  (among  others)  as  Chief  or  Consulting  Engineer:  Fort 
Worth  and  Rio  Grande  Railway,  Seneca  and  Scranton  Railway,  Arast.  and  Pine 
Railway,  Sandusky,  Ashland  and  Ashorta  Railway,  St.  Louis,  Alton  and  Springfield 
Railroad,  Louisiana,  Arkansas  and  Missouri  Railroad;  Stevens  Point,  Vicksburg, 
Corry,  Kent,  Pine  Bluff,  Natchez,  Hempstead,  Tarrytown  water  works,  etc. 

Payne,  Clarence  Quintard,  E.M.,        ....     1882. 

Stamford,  Conn. 

Pearis,  Charles  Fowler,  E.M., 1884. 

Box  374,  Helena,  Mont. 

Peck,  Staunton  Bloodgood,  C.E.,  M.E.,  .        .     1886. 

Link  Belt  Machinery  Co.,  Thirty-ninth  Street  and  Stewart  Avenue, 
Chicago,  111.,  and  111  East  Thirty-fourth  Street,  New  York  City. 
One  and  a  half  years  Mechanical  Engineer,  Burr  &  Dodge,  Philadelphia.  Two 
years  Assistant  Chief  Engineer  Link  Belt  Engineering  Company,  Philadelphia.  Since 
1888,  Assistant  Chief  Engineer  Dodge  Coal  Storage  Comjwny.  Since  1890  and  at 
present,  Chief  Engineer  Link  Belt  Machinery  Company,  Chicago.  Specialty,  hand- 
ling materials  in  bulk  or  package  and  power  transmissions. 

Peele,  Robert,  Jr.,  E.M.,  .  .        .    1883. 

London  Bank  of  Mexico,  Lima,  Peru,  S.  A. 
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Pellew,  Charles  Ernest,  E.M., 1884. 

College  Physicians  and  Surgeons,  437  West  Fifly-ninth  Street,  and  51 
East  Fiay-fourth  Street,  New  York  City. 
1884-85,  studied  chemistry  at  Lehigh  University  and  Bethlehem  Steel  Works. 
1885-87,  studied  chemistry,  physics,  microscopy  and  bacteria  at  School  of  Mines  and 
at  College  Physicians  and  Surgeons.  Private  Assistant  to  Professor  Chandler.  1887 
to  date,  Instructor  and,  later.  Demonstrator  in  Physics  and  Chemistry  at  College 
Physicians  and  Surgeons.  Hon.  Fellow  in  Applied  Chemistry,  School  of  Mines. 
Also  in  general  chemical  practice  with  Professor  Chandler  (as  partner).  Specialty, 
chemical  and  other  expert  work,  including  medical  and  sanitary  questions,  e.g.,  tox- 
icolc^gy.    Also  as  patent  expert  in  chemical  and  physical  subjects. 

Pennington,  JoeEPH  Pope,  A.M.  (Associate),  .  .     1868. 

42  Wall  Street,  New  York  City. 
Assistant  Engineer  E.  T.  V.  &  G.  K.R.    1881-83,  Engineer  Tombstone  Mill  and 
Mining  Company.     188^^84,  1885  ei  ieq.^  railroad  construction   with  general  con- 
tractors.   Assistant  Surveyor  Louisville,  St.  Louis  and  Texas  Bail  way.    Previous 
responsibilities  in  connection  with  life  insurance  interests. 

Percival,  George  Sydney,  C.E.,  .        .        .        .        .     1888. 

Engineer  with  Westinghouse,  Church,  Kerr  &  Company,  17  Cort- 
landt  Street,  and  32  West  Forty-sixth  Street,  New  York  City. 
1888-90,  Hon.  Fellow  Mechanical  Engineering,  School  of  Mines.    1890  to  date,  with 
Westinghouse,  Church,  Kerr  &  Company,  as  salesman  and  general  work  in  connection 
with  steam  engineering. 

Perkins,  Thomas  Slade,  Ph.B., 1888. 

Ninth  Street  and  Gowanus .  Canal,  South  Brooklyn,  and  39  Garden 
Place,  Brooklyn,  N.  Y. 
1889  to  date.  New  York  Tartar  ^Company. 

PisTOR,  William,  E.M., 1868. 

Architect,  35  Broad  Street,  New  York  City. 

Pitkin,  Lucius,  A.B.,  Ph.B., 1881. 

138  Pearl  Street,  New  York  City. 
1881-85,  Chemist  to  Laurel  Hill  Chemical  Works,  of  Nichols  Chemical  Company. 
Heavy  chemicals,  especially  sulphuric  acid.  1885  to  date,  Analytical  and  consulting 
Chemist,  at  above  address.  Specialty,  in  consulting.  Manufacture  of  acids  and 
heavy  chemicals,  treatment  of  pyrites  and  copper  smelting.  Analytical  work.  Gen- 
eral, but  special  experience  in  argentiferous  and  auriferous  copper«ores  and  products. 
Microscopical  and  experimental  investigations. 

POLLEDO,  YSIDORO  YONACIO,  E.M.,  ....      1885. 

Santa  Barbara  Sugar  Works,  Baro,  and  Apartado  1 6  F. ,  Matanzas,  Cuba. 

Porter,  Henry  Hobart,  Jr.,  E.M.,        ....     1886. 

Westingbouse  Electric  Co.,  and  42  East  Forty-first  Street,  New  York 
City. 
1886-87,  Fellow  in  Geology,  School  of  Mines,  Columbia  College.  1887-88,  Sur- 
veyor and  Assayer  Mexican  Ore  Company,  Sierra  Mojada,  Mexico.  1888-89,  Assis- 
tant Mining  Engineer  Batopilas  Mining  Company,  Batopilas,  Mexico.  1889-90,  Sur- 
veyor and  Assayer,  Duquesne  Mining  Company;  Assistant  Superintendent,  Ray  & 
Poorman  mine  examinations,  same  company;  Assistant  Superintendent  Sierrita 
County,  Arizona,  same  company.  1890-91,  Engineer  with  C.  W.  Hunt  Company. 
1891-92,  Westinghouse  Electric  Co. 
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Porter,  John  Bonsall,  E.M.,  Ph.D.,  ....  1882. 

C.  H.  &  D.  R.R.  Co.,  Cincinnati  and  Glendale,  0. 
Assistant  Engineer  and  Exi)ert  in  tests  of  metals  for  various  railways  and  corpora- 
tions.   Lecturer  on  Mechanical  Engineering  and  Metallurgy  in  University  of  Cin- 
cinnati for  some  years.    At  present  and  for  several  years  past,  Engineer  Maintenance 
of  way,  C.  H.  &  D.  R.R.  system.     Headquarters,  Cincinnati,  O. 

Po8T,  AbramSkidmore,  C.E., 1884. 

Great  Neck,  N.  Y. 
Post,  Albertsdn  Van  Zo,C.E., 1889. 

45  Wall  Street,  and  4  East  Sixty-second  Street,  New  York  City. 
1889-90,  Division  Engineer,  construction,  Baltimore  and  Eastern  Siiore  Railroad. 
At  present,  with  the  Railroad  Equipment  Company,  of  45  Wall  Street,  New  York 
City. 

Potter,  William  Blebcker,  A.B.,  E.M.,  .     1869. 

Professor  Metallurgy  and  Mineralogy,  Washington  University,  St. 
Louis,  Mo. 

Powell,  Frederick,  A.B.,  E.M., 1883. 

Address  unknown. 

Powers,  Louis  J.,  Jr.,  E.M., 1884. 

Connecticut  River  Paper  Company,  Holyoke,  and  4  Mattoon  Street, 

Springfield,  Mass. 

1885,  Superintendent  Vermont   Construction   Company,   St.  Albans,   Vt.      1886, 

Superintendent  Standard   Pulp  Company,   Springflelfl,   Mass.  1887-88,    Assistant 

Superintendent  Union  Manufacturing  Company,  Holyoke,  Mass.  1888  to  date,  Agent 

Connecticut  River  Paper  Company,  Holyoke,  Mass. 

Preston,  William  Evan,  C.E., 1889. 

U.  S.  A.  Building,  39  Whitehall  Street,  New  York  City,  and  125  Union 
Street,  Newark,  N.  J. 
1889  to  date,  submarine  blasting  and  dredging  for  U.  S.  harbor  work  with  grapple, 
divers  and  centrifugal  pump. 

Provost,  Andrew  Jackson,  Jr.,  C.E.,     ....     1889. 

Municipal  Building,  and  403  Washington  Avenue,  Brooklyn,  N.  Y. 
1889  to  date.  Assistant  Engineer  in  Sewage  Construction,  Department  City  Works, 
Brooklyn,  N.  Y. 

R. 
Randolph,  Edmund,  Ph.B., 1883. 

Secretary  and  Treasurer,  Alabama  Mineral  Land  Co.,  and  Randolph's 
Lane,  Riverdale,  N.  Y. 
Randolph,  John  Cooper  F.,  A.B.,  A.M.,  E.M.,      .        .     1869. 

Consulting  Mining  Engineer,  120  Broadway,  New  York  City. 

Randolph,  Jabies  Fitz,  B.S.,  E.M.,        ....     1876. 

Communipaw  Coal  Co.,  Ill  Broadway,  New  York  City, 

Raymond,  Robert  Matthew,  A.B.,  E.M.,     .        .        .     1889. 

Diamond  (R)  Mining  Co.,  Neihart,  Mont. 
1880-82,  Assistant  Assayer,  State  of  Maine  Assay  Office,  Portland,  Me.    1882-86, 
Assayer  and  Asaistant  Superintendent,  Haile  Gold  Mine,  S.  C.    1886-89,  School  of 
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Mines.   1^89-90.  Assajer  and  afterwards  Assistant  Saperintendent,  Montana  Smelting 
Co.,  Great  Falls,  Mont.  1891,  Superintendent,  The  Diamond  Mining  Co.,  Neihart,  Mont. 

Rathor,  RoasELL,  Ph.B., 1889. 

25  K  One  Hundred  and  Tenth  Street,  New  YorkCity. 
Sept,  1889,  to  Aug..  1891,  Chemist,  with  Martin  Kalbfleisch  Sons  Co.    Sept,  1891, 
to  April.  1892,  Assistant  Chemist,  Barber  Asphalt  Co. 

Rbckhart,  Daniel  William,  E.M.  (Lire  Member),  1884. 

Box  S8,  El  Paso,  Texas. 

Reed,  Sylvanus  Alberi^  A.B.,  A.M.,  E.M.,  Ph.D.,       .     1877. 

Commonwealth  Ins.  Co. ,  68  William  Street,  and  Uniyersity  Club,  New 
York  City. 
1878,  Secretary  to  Assistant  Commissioner  General,  Paris  Exposition.  1879,  Lec- 
tured on  Chemistry.  Reported  on  Mines  in  Colorado.  1880-84.  Soperintendent  and 
part  Proprietor,  Sampling  and  Concentration  Works  in  Colorado,  and  Reported  on 
Mines  there  and  in  Idaho  and  in  the  South.  18H6,  ConsultinK  Practice  in  New  York. 
Patent  Expert  work  and  on  Dredging  in  New  York  Harbor.  1H86-91,  Superintend- 
ent Inspection  Department  of  Fire  Insurance  Co.  (Commonwealth,  of  New  York  i. 
Investigating  Hazards  of  Manufacturing,  Approved  Methods  of  Construction  and 
Science  of  Fire  Extinguishment. 

REE»y  Benjamin  Franklin,  E.M.,  ....     1874. 

17  Ferry  Street,  and  1425  Broadway,  New  York  City. 
At  Milwaukee,  Wis.,  in  Real  fistate  business,  1H75  to  1878.    Since  1878  engaged  in 
the  leather  hnsiness. 

Rbes,  John  Krom,  AB.,  A.M.,  E.M.  (Life  Member),  1875. 

Prof.  Geodesy,  Practical  Astronomy,  and  Director  of  Observatory, 

Columbia   College,  and  1  W.  Seventy-second  Street,   New  York 

City. 

Assistant  in  Mathematics,  School  of  Mines,  1873-76.    Professor  of  Astronomy  and 

Mathematics,  Washington  University,  St.  Louis,  Mo..  1876-81.    Member  Fort  Worth 

Solar  Eclipse  Party,  July,  1878.    Instructor  in  (leodesy,  etc.,  Colnmhia  College,  1881- 

82.     A<Viunct  Professor  in  Geodesy,  etc.,  Columbia  College,  18^-84.    Professor  in 

Geodesy,  etc.,  Columbia  College,  1884  to  date.     Director  of  Oliservatory.  Columbia 

College,  1881  to  date.    Chairman  of  Board  of  Editors,  School  of  Minks  Quabterly, 

1883-90. 

Renault,  George,  C.E., 1883. 

61  Irving  Place,  New  York  City. 

RfiBTREPO,  Camilo  Claudio,  E.M.,  C.E.,        .  1887. 

Box  1609,  New  York  City, 

Rhodes,  Francis  Bell  Forsyth,  E.M.,  1874. 

National  S.  &  R.  Co.,  South  Chicago,  111.,  and  Quebec.  Canada. 
May,  1875.  to  December,  1876,  Surveying  Corps,  Coxe  Bros.,  Drifton,  Pa.  January, 
1877,  to  May,  1878,  Assistant  Superintendent,  Sonth  American  Mining  Co.,  Venezuela. 
November,  1878,  to  June,  1879,  Working  at  Lead  Mine,  Canada.  October,  1879,  to 
April,  1880,  Laborer,  Ontario  Mill,  Park  City,  Utah.  April,  1880,  to  July,  1881,  Assist- 
ant Superintendent,  Minge  Furnace  Co.,  Utah.  August,  1881,  to  January,  1882, 
to  April,  1883,  Assistant  Superintendent,  Tombstone  M.  and  M.  Co.,  Ariseoua.  May, 
1883,  to  December,  1883,  Superintendent,  Ramsham  Smelting  Furnace,  Idaho.  Jan- 
nary,  1884,  to  May,  1885,  Assistant  Superintendent,  Minge  Furnace  Co.,  Utah.  June, 
1885,  to  December,  1885,  Foreman  of  Blast-furnace  Department,  Kansas  City  S.  and 
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B.  Co.  October,  1886,  to  December,  1889,  Superintendent,  Chicago  Works,  Chicago 
and  Aurora  S.  and  B.  Co.  January,  1890,  to  date.  Superintendent  National  S.  and  R. 
Co.,  South  Chicago. 

Rhodes,  Robert  Dunn,  E.M., 1879. 

1839  Emerson  St.,  Denver,  Col.,  and  Box  726,  Quebec,  Canada. 
1879-80,  Foreman,  Germania  Smelting  Co.,  Salt  Lake  City.  1880-82,  Night  Fore- 
man, Ontario  Silver  Mining  Co.,  Park  City,  Utah.  1882-83,  Superintendent,  Tomb- 
stone M.  and  M.  Co.  Bed  action  Works,  Charleston.  1883-84,  Mill  Foreman,  St. 
Helena  Gold  and  Silver  Mine,  Sonora.  1884-85,  Assistant  Superintendent,  Billing 
Smelter,  New  Mexico.  1885-86,  Assistant  Superintendent,  Viola  M.  and  S.  Co.,  Idaho. 
1887-88,  Assistant  Superintendent,  Anglo-Mexican  Mining  Co.,  Yedras,  Mexico.  1889 
-91,  General  Superintendent,  Duquesne  M.  and  B.  Co.,  and  Sierrita  Co.,  Arizona. 

Ric£,  Geobge  Samuel,  Jb.,  E.M., 1887. 

Whitebreast  Fuel  Co.,  Ottumwa,  Iowa. 
1888,  Assistant    Field  Engineer,  Colorada  &  Utah   Bailway.    1888-89,  Assistant 
Mining  Engineer  of  Colorado  Fuel  Co.   1890  to  date,  Mining  Engineer  of  Whitebreast 
Fuel  Co. 

Rich,  Jacob  MoNBOE,  E.M.,  C.E.  (Life  Member),    .        .     1883. 

50  W.  Thirty-eighth  Street,  New  York  City. 
Pursuing  further  studies  since  graduation. 

RccHABBSON,  JoHN  Clabence,  E.M.,  C.E.,      .        .  1883. 

62  Nassau  Street,  New  York  City. 

Ricketts,  Piebbe  dePeysteb,  E.M.,  Ph.D.,  .        .        .     1871. 

Professor,  Assaying,  Columbia  College,  School  of  Mines,  and  115  E. 
Seventy-ninth  Street,  New  York  City. 
1868,  Assistant,  General  Chemistry,  Columbia  College.  1871-72,  Assistant  in  Min- 
eralogy and  Metallurgy,  School  of  Mines.  1872-75,  Assistant  in  Assaying,  School  of 
Mines.  1875-86,  Instructor  in  Assaying,  School  of  Mines.  1886  to  date.  Professor  of 
Assaying,  School  of  Mines.  Since  graduation  also  engaged  in  general  Metallurgical, 
Chemical  and  Mining  Engineering  work. 

Ridsdale,  Thomas  Weddle,  E.M.,        ....     1883. 

H.  R.  Worthington,  145  Broadway,  New  York  City,  and  155  Gates 
Avenue,  Brooklyn,  N.  Y. 
Assistant  Superintendent  of  the  Buby  Durango  Mine,  and  Wilder-Macdonald  Con- 
centrating Mill  to  1884.    Superintendent  of  the  Wilper-Macdonald  Mill,  1884.    From 
1888  with  the  Worthington  Pumping  Engine  Co.    From  June,  1889,  as  Secretary  of 
the  Co. 

Riggs,  Geobge  Washington,  Ph.B.,       ....     1871. 

Ridgefield,  Conn. 

RoESEB,  Fbedebick,  B.S.,  E.M., 1884. 

Kootenay  Smelting  Co. ,  Revelstoke,  British  Columbia. 

RoLKEB,  Chables  M.,  E.M.  (Life  Member),    .         .         .     1875. 

18  Broadway,  New  York  City. 
1868-70,  At  Boyal  School  of  Mines,  Clausthal,  Germany.  1871-72,  Working  practi- 
cally in  Iron  Mines  of  Hibernia  and  Mt.  Pleasant,  N.  J.,  Wisconsin  Lead  Mines  and 
Iron  Mines  of  Lake  Superior.  1872-75,  At  School  of  Mines,  Columbia  College.  1876, 
Assayer  at  Allouez  Copper-dressing  Works,  Lake  Superior.  1877,  Mining  Engineer 
to  the  Mariposa  Land  and  Mining  Co.,  Mariposa  Co.,  Cal.  (Gold).  1878,  Superintend- 
ent, Brooklyn  Company,  Washoe  Co.,  Nevada  (Base  Metal).    1879,  Superintendent, 
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Stormont  Silver  Co.,  Silver  Beef  (Silver).  1880-S2,  General  Manager,  ChrysoHto  S. 
Mg.  Co.,  Leadville,  Colo.  (Lead  Carbonates).  Since  then  to  date,  in  General  Con- 
sulting Practice  as  Mining  Engineer  and  Metallurgist,  Examining  Mines,  Mills  aod 
Placers,  in  the  United  States,  Old  Mexico,  Central  America.  South  America  and  Eaat 
Indies.    Specialty,  Precious  and  Base  Metals  other  than  Irou. 

Rood,  Roland  Gouverneur,  Ph.B.,       ....     1884. 

Care  Prof.  O.  N.  Rood,  Columbia  College,  New  York  City. 

Rowland,  Charles  Bradley,  C.E.,       ....     1884. 

Continental  Iron  Works,  Brooklyn.  N.  Y..  and  329  Madison  Avenue, 
New  York  City. 

Rowland,  George,  C.E., 1887. 

Continental  Iron  Words,  Brooklyn,  N.  Y.,  and  329  Madison  Avenue, 
New  York  City. 
Rupp,  Philip,  Ph.B.,  M.D., 1884. 

63  Seventh  Street,  New  York  City. 
1884-87,  Student  in  Medicine,  College  of  Physicians  and  Surgeons,  N.  Y.    1887-88, 
House  Physician  and  House  Surgeon,  St.  Francis  Hospital,  N.  Y.    1888  to  date,  Prac- 
ticing Physician. 

RuTTMANN,  Ferdinand,  Jr.,  E.M.,         ....     1880. 

35  Broadway,  New  York  City. 

Ryon,  Augustus  Meai)er,  E.M.,    .....    1886. 

Prof.  Engineering,  College  of  Montana,  Deer  Lodge,  Mont 
1886-87,  Assistant  Engineer  on  New  London  Water  Works.    Assistant  in  Metal* 
lurgy,  School  of  Mines,  Columbia  College.    1887-88,  Assistant  to  F.  N.  Owen,  Civil 
and  Sanitary  Engineer,  New  York  City.    1888-91,  Professor  of  Engineering  and  Min- 
ing, School  of  Mines,  College  of  Montana,  Deer  Lodge,  Mont. 

s. 

Sage,  Edward  Eugene,  C.E.  (Life  Member),  .        .  1877. 

United  States  Assay  Office,  30  Wall  Street,  and  77  Hillside  Avenue, 
Orange,  N.  J. 
I  have  been  connected  with  this  office  since  February,  1879,  and  have  consequently 
no  outside  experience  except  in  electricity,  being  President  of  the  Essex  County 
Electric  Co.,  of  Orange,  N.  J.,  and  in  Analytical  Chemistry. 

Sands,  Ferdinand,  A.B.,  Ph.B., 1882. 

Drugs  and  Assaying  Supplies,  Box  1172,  Butte,  Mont. 
ScHERMERHORN,  FREDERICK  AUGUSTUS,  E.M.  (Life  Mem- 
ber),      .........     1868. 

41  Liberty  Street,  and  61  University  Place,  New  York  City. 
ScHiEFPELiN,  William  Jay,  Ph.B.,  Ph.D.  (Munich),  1887. 

35  West  57th  Street,  New  York  City. 

Schneider,  Albert  Francis,  E.M.,  C.E.,       .        .        .    1876. 

St.  Louis  Smelting  and  Refining  Co. ,  Box  504,  St.  Louis,  Mo. 
1876-1877,  In  Earope  visiting  Smelting  and  Dressing  Works.    1878,  Chemist  snd 
Assayer  German ia  S.  and  R.  Co.,  Salt  Lake  City,  Utah.    1879,  Foreman,  Assistant  and 
Saperintendent  Oermania  S.  and  R.  Co.,  Salt  Lake  City,  Utah.    l880-*83,  Superin- 
tendent Germania  S.  and  R.  Co.,  Salt  Lake  City,  Utah.    1883-85,  Superintendent  G. 
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Billing  Smelting  Works.  Socorro,  N.  M.  1885-'87,  Superintendent  Kansas  City  S.  and 
B.  Co.,  Argentine,  Kansas.  1887,  Connected  with  the  Bio  Grande  S.  Co.,  Socorro,  N.  M. 
1887  to  date,  General  Manager  St.  Louis  S.  and  B.  Co.,  St.  Louis,  Mo.  Specialties,  Con- 
centration and  Dressing  of  Ores.    Metallurgy  of  Silver-Lead  Ores.    Befining  bullion. 

Schumann,  Chablbs  Henby,  C.E.,         ....     1888. 

And  12  Second  Street,  New  York  City. 
1888,  May,  1890,  Assistant  Engineer  Chesapeake  and  Ohio  Ballway  Co.,  Cincinnati, 
charge  of  Beal  Estate,  Bight  of  Way  and  Track  and  Construction  work.  May  to  Au- 
gust, 1890,  Assistant  Engineer  to  H.  Alber,  C.  E.,  Birmingham,  Ala.,  General  Engi- 
neering. August,  1890  to  March,  1891,  Assistant  Engineer  Chesapeake  and  Ohio 
Bailway  Co.,  charge  of  subdivision  of  Town  of  West  Clifton  Forge,  Va.,  and  Bight  of 
Way  on  line  of  road. 

Selioman,  Joseph  Guy,  KM.,        .....     1887. 

Mining  Superintendent,  Helena,  Mont. ,  and  69  W.  Ninety -fifth  Street, 
New  York  City. 

Shabe,  William  aValdemab,  Ph.B.,  Ph.D.,  .        .        .     1881. 

Adelphi  Academy,  and  331  McDonough  Street,  Brookl}^,  N.  Y. 
1881,  Superintendent  Columbia  Chemical  Works,  Brooklyn,  N.  Y.    1881  to  1888, 
Assistant  Physics,  Columbia  College.    1888,  Consulting  Electrician,  Department  of 
Public  Parks,  Brooklyn,  N.  Y.    1889  to  date.  Professor  of  Chemistry,  Adelphi  Acad- 
emy, Brooklyn,  N.  Y. 

Shbiveb,  Hbnby  Tower,  Ph.B., 1888. 

T.  Shriver&Co.,  333  E.  Fifty-sixth  Street,  and  686  Park  Avenue, 
New  York  City. 
In  Iron  Foundry  and  Works,  as  above  since  graduation. 

SiMONDS,  Francis  May,  E.M.,  Ph.D.,     ....     1887. 

Assistant  in  Assaying,  Columbia  College,  School  of  Mines,  and  147  £. 
Thirty-fourth  Street,  New  York  City. 

Singer,  George,  Jr.,  E.M., 1880. 

78  Fourth  Avenue,  Pittsburgh,  Pa. 

Singer,  George  Harton,  E.M., 1880. 

Singer,  Nimick  &  Co.,  and  17  Park  Street,  Allegheny,  Pa. 

Skinner,  Elmer,  C.E., 1891. 

227  Cumberland  Street,  Brooklyn,  N.  Y. 

Slack,  Charles  Goddard,  E.M., 1884. 

321  Marion  St.,  Seattle,  Wash. 

Slade,  Richmond  Edward,  Ph.B.,         ....    1887. 

White  Plains,  N.  Y, 
1887,  Assistant  Superintendent  United  Gas  Improvement  Co.,  Tonkers,  N.  Y., 
Plants.  1888,  Superintendent  Gas  Department,  Asheville  (N.  C),  Light  and  Power 
Co.  1889,  Superintendent  Gas  and  Electric  Plants,  Citizens'  Ghks  Light  Co.,  Jackson, 
Tenn.  December,  1889  to  date,  Secretary,  Superintendent  and  Trustee  Citizens  Gas 
and  Electric  Co.,  White  Plains,  N.  Y. 

Smith,  Augustus,  A.B.,  C.E., 1889. 

49  Dey  Street,  and  460  W.  Forty-Fourth  Street,  New  York  City. 
Summer  of  1886,  Land  Surveying  (in  charge  of  Party).    July  and  November,  1889, 
Draughtsman,  Link  Belt  Engineering  Co.,  Nicetown,  Phila.    November,  1889  to  date, 
Chief  Draughtsman,  Link  Belt  Engineering  Co.,  49  Dey  Street,  New  York  City. 
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Smith,  Frank  Marshall,  E.M. 1889. 

Colorado  Smelting  Co.,  Pueblo,  Colo. 
1889-1890,  Ou  the  United  States  Q«ological  Survey,  engaged  in  hydrographic  work 
on  the  Irrigation  Survey  and  triaugulation  on  the  Topographic  Survey,  in  Idaho  and 
Oregon.    1891,  Assayer  Colorado  Smelting  Co.,  Pueblo,  Colo. 

Smith,  Francis  Pitt,  Ph.B., 1888. 

42  Bleecker  Street,  and  24  E.  Twenty-third  Street,  New  York  City. 
Analytical  Chemist  in  Leather  trade,  1888-'89.    Superintendent  Chemical  Works, 
Wm.  H.  Swift  &  Co.,  East  Boston,  Mass.,  1889-'90.  Consulting  Chemist,  Dening  &  Logan, 
58  William  Street,  1890.     Assistant  Chemist  New  York  City  Health  Department,  42 
Bleecker  Street,  1890  to  date.    Specialty,  Chemical  Mechanics. 

Smith,  Lenox,  A.B.,  A.M.,  E.M.  (Life  Member),     .         .     1868. 
31  Pine  Street,  New  York  City. 

Smith,  Maxwell,  C.E., 1880. 

Adon  Smith,  8  Bridge  Street,  New  York  City. 

Smith,  William  Allen,  E.M., 1868. 

School  of  Mines,  Columbia  College. 

Smyth,  Charles  Henry,  Jr.,  Ph.B.,      ....     1888. 

Department  of  Natural  History,  Hamilton  College,  Clinton,  N.  Y. 

Snook,  Thomas  Edward,  E.M., 1884. 

Architect,  12  Chambera  Street,  New  York  City. 
Of  firm  John  B.  Smith  &  Sons,  Architects. 

Spooner,  Allen  Newhall,  C.E., 1886. 

Department  of  Docks,  Pier  A,  North  River,  New  York  City,  and  186 

Carteret  Avenue,  Jersey  City,  N.  J. 
July,  1886  to  August,  1887,  Rodman  and  Draughtsman,  Penn  RR.,  Jersey  City. 
August,  1887  to  May,  1890,  Hydrographer  Department  Docks,  New  York  City.    May, 
1890-1891  to  present  time,  Assistant  Engineer  Department  Docks.  New  York  City. 
Specialty,  Railroad  Eogineering.  River  and  Harbor  Engineering. 

Stanton,  Frank  McMillen,  E.M 1887. 

Superintendent  Atlantic  Mine,  Houghton  Co.,  Mich. 
1887-1888,  Superintendent  Pro  tem  Central  Miue  Mich.    1888-1889,  Engineer  At- 
lantic Mine,  Mich.     1889  to  date,  Superintendent  Atlantic  Mine,  Mich. 

Starek,  Emil,  LL.B.,  LL.M.,  E.M.,        ....     1885. 

Keller  &  Starek,  Patents,  Room  303  Times  Building,  Broadway  and 
Chestnut  St. ,  St.  Ijouis,  Mo. 
1885-1887,  Assistant  in  United  States  Geological  Survey.    1887  to  1892,  Assistant 
Examiner  United  States  Patent  Office,  Washington,  D.  0. 

Starr,  Chandler  Dann AT,  C.E., 1881. 

Address  unknown. 
Staunton,  John  Armitage,  Jr.,  E.M.,  A.B.  (Harvard),  .     1887. 

Wallace,  Shoshone  Co. ,  Idaho. 
1887-88,  Instructor  in  Mathematics,  Rochester,  N.  Y.    188S-90,  Student  in  Har- 
vard University.    1890-91,  Student  in  the  General  Theological  Seminary,  N.  Y. 

Staunton,  William  Field,  E.M., 1882. 

Superintendent  Tombstone  Mill  and  Mining  Co. ,  Tombstone,  Arizona. 


—  57  — 

1882,  Asnyer  and  Assistant  Saperintendent  Vermont  Copper  Co.,  Ely,  Vt.  1882, 
Assayer  and  Aooountaut  Dunn  Mt.  Gold  Mine,  Salisbury,  N.  C.  1S83,  Assayer  Le- 
dooz  &  Sicketts,  N.  Y.  1883.  Constructing  Engineer,  C.  M.  and  B.  Co.,  N.  Y.  1883, 
Assistant  to  Manager  of  Mills  and  Smelter  of  T.  M.  and  M.  Ck>.,  Tombstone,  ArisBona. 
1884,  Consulting  Engineer,  N.  Y.  1884,  Mining  Engineer,  for  T.  M.  and  M.  Co.,  Tomb- 
stone, Arizona.  1890,  to  date,  Superintendent  Tombstone  Mill  and  Mining  Co., 
Tombstone,  Arizona.    Specialty,  Gold  and  Silver  Mining  and  Metallurgy. 

Stearns,  Thomas  Beale,  E.M., 1881. 

Mining  Machinery,  4  Dack  Block,  Box  1545,  Denver,  Colo. 

Stevexs,  Alexander,  C.E., 1887. 

Box  37,  Hoboken,  N.  J. 

Stone,  George  Cameron,  Ph.B., 1879. 

New  Jersey  Zinc  and  Iron  Company,  Newark,  N.  J. 
1879,  Chemist,  Booth  &  Edgar  Sugar  Refinery.     1879-82,  (Chemist  with  Potter  & 
Riggs,  St.  Louis,  Mo.    1882-91,  with  New  Jersef^  Zinc  and  Iron  Company,  Newark, 
N.  J.,  first  as  Chemist;  since  1884,  as  Saperintendent  Blast- Furnaces. 

Strdthers,  Joseph,  Ph.B., 1885. 

Tutor  in  Metallurgy,  Columbia  College  School  of  Mines,  and  624 
East  One  hundred  and  thirty-sixth  Street,  New  York  City. 
1885-88,  Fellow  in  Mineralogy.    1880-90,  Assistant  in  Mineralogy  and  Metallurgy 
1891,  Tutor  in  Metallurgy  Columbia  College,  School  of  Mines. 

Stuart,  William  Henry,  C.E.,      .        .  .        .     1886. 

Grammercy  Park  Hotel,  New  York  City. 
1886,  on  railway  surveys  in  Minnesota  and  Wisconsin  with  C.  B.  &  N.  R.R.  Co. 
1887-89,  Fellow  in  Engineering  and  Assistant  in  Summer  School  of  Surveying, 
School  of  Mines,  Columbia  College.  1889-90,  making  surveys  and  superintending 
construction  at  the  Hudson  River  State  Hospital,  Poughkeepsie,  N.  Y.  1890,  on  sur- 
veys in  the  West  Indies. 

SuTER,  George  Augustus,  E.M., 1883. 

G.  A.  Suter  &  Co. ,  Engineers  and  Contractors,  139  South  Fifth  Ave- 
nue, New  York  City,  and  206  Marcy  Avenue,  Brooklyn,  New  York. 
1884-92,  Engineer,  Baker.  Smith  &  Co.     1892  to  date,  as  above. 

Swain,  Alfred  Ernest,  E.M., 1881. 

Santa  Lucia,  Sinaloa,  Mexico,  and  902  Prospect  Street,  Cleveland,  0. 

1881-84,  railroad  work  in  Mexico.    1886-88,  City  Engineer's  Department,  Kansas 

City,  Mo.,  in  charge  of  sewer  work.    1889  to  date,  mining  work  in  Mexico.    Present. 

Superintendant  San  Buenaventura  Mining  Company,  Santa  Lucia  Sinaloa,  Mexico, 

via  Mazatlan  and  Panna. 

T. 
Terhune,  Richard  Henry,  E.M., 1870. 

General  Superintendent  Hanauer  Smelting  Works,  Salt  Lake  City, 
Utah. 
1870,  Assistant  to  late  J.  W.  Foster,  geotegy  of  coal  fields,  Indiana.  1871,  Griswold 
Steel  Works,  draughting,  blowing  steel,  etc.  1872-77,  Joliet  Steel  Company,  draagbt- 
ing,  inspecting  st^eel  rails  and  exploration  of  Callaway  County,  Missouri,  for  coal 
and  iron.  1877-80,  Saperintendent  and  .Assistant  Superintendent  Smelting  Works 
in  Utah.  1880-91,  General  Saperintendent  Hananer  Smelting  Works,  Utah.  Spe- 
cialty, construction  and  operation  of  lead  smelting  works. 
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Thagher,  Arthur,  C.E.,  E.M., 1877. 

Washington  University,  and  1227  Spence  Street,  St..  Louis,  Mo. 
1878-79,  with  Progreso  Mining  Company,  Trimfo,  Lower  CSiIiforaia,  Mexico. 
1879-83,  Soathern  Arizona  and  Northern  Mexico  Mining  and  Milling.  1833-^, 
office  in  New  York.  Examining  and  reporting  on  mines  and  mills.  1887  to  date> 
with  Professor  W.  B.  Potter,  at  St.  Louis  Sampling  and  Testing  Works  and  Washing- 
ton University.  Lecturing  on  Metallurgy.  Testing  ores,  etc.  Examining  and  re- 
porting on  mines  and  mills. 

Thomas,  Frederick  Mayhew,  E.M.,      ....     1885. 

and  Box  204,  Skaneateles,  N.  Y. 
Leveller  (Instrument  man,  etc.),  on  New  York  State  Canals,  from  September,  1887 
to  November,  1889  (position  resigned).     Transit-man  and  leveller  on  preliminary 
railroad  survey  in  Schoharie  County,  in  spring  of  1890.    Transit-man  and  leveller  on 
Syracuse  water  works  during  the  winter  of  1890-91. 

Thompson,  Henry  Clark,  C.E., 1886. 

Lorillard  Place,  and  One  hundred  and  eighty-seventh  and  One  hun- 
dred and  eighty-eighth  Streets,  New  York  City. 

TiBBALS,  George  At  water,  C.E., 1883. 

Continental  Iron  Works,  and  148  Milton  Street,  Brooklyn,  N.  Y. 

1883  to  date,  as  above. 

TiBBALS,  Samuel  Gay'lord,  C.E., 1884. 

Continental  Iron  Works,  and  148  Milton  Street,  Brooklyn,  N.  Y. 

1884  to  date,  as  above. 

TiLDEN,  George  Cyrus,  C.E.,         .        .      •  .  1876. 

State  School  of  Mines,  Golden,  Colo.,  and  310  Closson  Avenue,  Brook- 
lyn, N.  Y. 
1876-80,  City  Surveyor,  Brooklyn,  N.  Y.  1880-81,  Superintendent  DnnderberK 
Mining  Company,  (Georgetown,  Colo.  1881-^2,  Chemist  and  Aasayer,  Denver,  Colo. 
1882  to  date.  Professor  Analytical  Chemistry  State  School  of  Mines,  Qolden,  Colo. 
1881  to  date.  Consulting  Practice  as  Mining  Engineer.  Specialty,  Analytical  Chem- 
istry and  Assaying. 

TiTUs,  Warren  Harriott,  E.M., 1885. 

Assisting  Sanitary  Engineer  New  York  Board  of  Health,  and  White- 
stone,  N.  Y. 

T0NNEL6,  Theodore,  Ph.B., 1880. 

West  Dewees,  Wood  County,  McKeesport,  Pa. 

ToRREY,  Charles  Herbert,  Ph.B.,        ....     1880. 

Waldemar  Strasse,  64  A,  Berlin,  Germany. 
1880-83,  Assistant  in  Qualitative  Laboratory,  School  of  Mines.  1883>85,  teaching 
in  New  York  Institute  for  Improved  Instruction  to  Deaf  Mutes,  New  York  City. 
1885-87,  in  the  employ  of  the  DuBois  Manufacturing  Company  of  New  York,  in  their 
branch  in  London.  1887  to  present,  managing  German  branch  of  BaBois  Manufac- 
turing Company,  at  above  address  in  Berlin. 

Tower,  Albert  Edward,  E.M., 1883. 

Poughkeepsie  Iron  Company,  Poughkeepsie,  N.  Y. 

Tower,  Frederic  Wetherwax,  E.M.,  ....    1887. 

Assistant  Examiner,  Boom  223,  Patent  Office,  Washington,  D.  C. 
1888  to  date,  as  above. 
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Traphagen,  Frank  Weiss,  Ph.B.,  Ph.D.,  .     1882. 

Professor  Analytical  and  Applied  Chemistry,  College  of  Montana, 

Deer  Lodge,  Montana. 
1883-84,  Chemist  for  Williams,  Clark  &  Co.,  Fertilizers.  1884-87,  Instructor  in 
Chemistry  and  Physics,  Staunton  Military  Academy,  Staunton,  Va.  1887,  Professor 
of  General,  Analytical  and  Applied  Chemistry  and  Assaying  in  the  College  of  Mon- 
tana and  Montana  School  of  Mines.  1884-87,  Analytical  and  Consulting  Chemist, 
Staunton,  Va.  1887,  Principal  work,  fertilizer,  iron  and  steel,  clays,  etc.  Analytical 
and  consulting  Chemist  and  Assayer,  Deer  Lodge,  Mont.  Assaying,  miscellaneous 
analysis  and  legal  work.  1890,  Assayer  for  the  Champion  Consolidated  Mining  Com- 
pany, Deer  Dodge,  Mont. 

Trask,  George  Francis  Donxell,  E.M.,       .  .     1887. 

L.  &  N.  R   R.   Co.,  409  Hamilton  Street,  Mobile,  Ala.,  and  New 
Brighton,  N.  Y. 
1888-90,  Apprentice  and  Machinist,  L.  &  N.  Railroad.   1890-91,  Draughtsman,  L.  & 
N.  Railroad,  Louisville. 

TusKA,  GusTAV  Robitscher,  B.S.,  C.E.,  .  .    1891. 

223  East  18th  Street,  N.  Y.  City. 

Tdttle,  Edgar  Granger,  E.M., 1881. 

Box  109,  Eagle  Pass,  Texas,  and  San  Felipe,  Coahuila,  Mexico. 
1881,  Assistant  Engineer,  Tilly  Foster  Iron  Mine,  Brewster,  N.  Y.  1881-82,  Divi- 
sion Engineer,  Wheeling  &  Lake  ErieR.  R.,  Toledo,  O.  1882-83,  Assayer  and  Mining 
Engineer,  Silver  City,  New  Mexico.  1883-85,  Division  and  Office  Engineer,  Arizona 
&  New  Mexico  Railroad,  Lordshurgh,  Arizona.  1885,  Constructing  Engineer  at  Mines, 
Arizona  Copper  Co.,  Clifton.  Arizona.  1885-89,  Mining  Engineer,  Cambria  Iron  Co., 
Johnstown,  Pa.  1889  to  date.  Superintendent,  Alamo  Coal  Co.,  and  Coahuila  Coal 
Co.,  San  Felipe,  Coahuila,  Mexico,  or  Box  109,  Eagle  Pass,  Texas. 

Tdttle,  William  Wey,  E.M., 1867. 

Farm  and  Loan  Agent,  Springtield,  Mo. 

Tyler,  Walter  Lincoln,  C.E., 1887. 

116-120  Front  Street,  and  1314  Pacific  Street,  Brooklyn,  N.  Y. 
1887,  Levelman  and  Transitman  on  the  Roanoke  &  Southern  Railroad,  Ya.     1888, 
With  J.  A.  Latham,  C.E.,  Providence,  R.  I.    1888-89,  With  F.  N.  Owen,  E.M.,  Sanitary 
Engineer,  New  York  City.    1889  to  the  present  time,  With  The  A.  B.  See  Manufac- 
turing Co.,  116-120  Front  Street,  Brooklyn. 

V. 
Value,  Beverly  Reid,  E.M., 1884. 

Engineer,  Aqueduct  Dept.,  Box  12,  Tarrytown,  N.  Y. 

Vanderpoel,  Frank,  E.M., 1875. 

Chemist,  Celluloid  Mfg.  Co.,  Box  55,  and  191  Roseville  Avenue,  New- 
ark, N.  J. 
1875-78,  Salesman,  with  E.  B.  Benjamin.    1878  to  date,  as  above. 

Van  Arsdale,  William  Henry,  A.B.,  A.M.,  E.M.,  1868. 

Vice-President,   Chicago  and  Aurora  Smelting    and    Refining  Co., 
Chicago,  111. 
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Van  Blakcom,  Elbbkt  Champlin,  C.E.,        .  1876. 

Hidalgo,  Mexico,  Care  H.  de  Saii  Fraiioiftco  Pachuca,  and  State  Min- 
ing Bureau,  Box  2085,  San  Francinco,  Cal. 

Van  Cortlandt,  Edward  Newenham,  E.M.,        .  1885. 

Assistant  Engineer,  Darien  Gold  Mining  Co.,  Ltd.,  Cana,  U.  S.  Col- 
ombia, S.  A.,  and  Pelliam  Manor,  N.  Y. 

Van  Dyck,  Edwin,  Ph.B., 1888. 

5  Spencer  Place,  Brooklyn,  N.  Y. 

Van  Sinderen,  Alvan  Howard,  Ph.B.,        .  .     1881. 

Patent  Ijaw3^er,  1 5  Broad  Street,  and  80  E.  Washington  Square,  New 
York  City. 

Van  Volkenburgh,  Edward,  Jr.,  C.E.,        .        .        .     1888. 

Baring,  Magoun  &  Co.,  15  Wall  St.,  New  York  City. 
Van  Wagenen,  Theodore  Francis,  E.M.,    .  1870. 

Consulting  Engineer,  1927  Grant  Avenue,  Denver,  Colo. 

Volckening,  Gustav  Julius,  Jr.,  Met.  Eng.,  E.M.,      .    1888. 

653  Lafayette  Avenue,  Brooklyn,  N.  Y. 

VONDY,  RUDOLI»H  Harrihon,  E.M.,         ....     1882. 

Chemist,  Phoenix  Iroa  Works,  Phoenixville,  Pa. 
1882-83,  Assistant  EDgineer,  Tilly  Foster  Iron  Mine.    1885  to  date,  as  above. 

Von  Nardroff,  Ernest  Robert,  E.M.,         .        ,        .    1886. 

485  Carlton  Avenue,  Brooklyn,  N.  Y. 

Yuurt,  Hermann  T.,  Ph.B.,  Ph.  D.,       .        .        .        .     1881. 

Assistant  in  Quantitative  Analysis,  School  of  Mines,  New  York  City, 
and  New  Rochelle,  N.  Y. 
1881-2,  Saperintendeut  Columbia  Chemical  Works,  Brooklyn,  N.  Y.    1883-91,  As- 
sistant Instructor  in  Analytical  Chemistry,  School  of  Mines.    Engaged  in  investigat- 
ing new  Analytical  Methods.    Specialty,  Commercial  Organic  Analysis,  Expert  in 
Oils,  Fats,  Soap,  etc. 

w. 

Wainwrjght,  John  Howard,  Ph.B.,     ....    1882. 

Chemist,  402  Washington  Street,  New  York  City. 

Walbridge,  Augustus  Clark,  C.E.,  E.M.,     .        .  1876. 

Builder,  Room  21, 121  Broadway,  New  York  City. 

Walker,  Arthur  Luci EN,  E.M., 1883. 

Old  Dominion  Copper  Co.,  Globe,  Arizona,  and  Look  Box  56,  Morris- 
town,  N,  J. 
1833-84,  Chemist  and  Assayer,  Old  Dominion  Copper  Co.,  Globe,  Arizona.  1885, 
Assistant  Superintendent  of  same  Co.  1886,  Engaged  in  connection  with  Iron  Metal- 
lurgy in  New  York  City.  1887,  Mechanical  Engineer  for  Silver  King  Mining  Co., 
Silver  King,  Arizona.  1888-89-90,  and  at  present,  Saperintendent,  Old  Dominion 
Copper  Co.,  Globe.  Arizona.  Also  report  on  all  classes  of  Mining  and  Metallargical 
Property  in  Arizona. 

Wallace,  William  Jefferson,  Ph.B.,  .        .        .     1886. 

Architect,  Whitestone,  N.  Y. 
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Waller,  Elwyn,  A.B.,  A.M.,  E.M.,  Ph.D.,   .        .        .     1870. 

Prof.  Analytical  Chemistry,  Colambia  College,  School  of  Mines,  New 
York  City. 

Wampold,  Leo,  Ph.B., 1888. 

204  Monroe  Street,  Chicago,  111. 
Ward,  Delancy  Walton,  Ph.B., 1888. 

Whitestone,  N.  Y. 

Ward,  Norbert  Reillieux,  E.M.,         ....    1882. 

5  W.  Twenty-seventh  Street,  New  York  City. 

Warner,  Jobeph  Lowrby.  E.M., 1887, 

Warner  &  Warner,  Second  and  Cherry  Streets,  Room  20  and  21, 
Seattle,  Wash. 
August,  1687,  to  August,  1888,  Omaha  and  Grant  Smelter,  Denver,  Assistant 
Assayer.  August,  1888,  to  July,  1889,  Examination  of  and  Reports  on  Mines  in 
Cob  ur  d'Almes,  Idaho,  and  in  O'Kanagan  Mining  District,  Washington.  Manager, 
La  Belle vue  Mine,  same  district.  July,  1889,  to  January,  1890,  Assistant  Superin- 
tendent and  Amalgamator,  Golden  Monarch  Mine,  Oregon.  January,  1890,  to  date, 
Examination  and  Reports  on  Mines  in  Western  Washington.  Manager,  Culver  Min- 
ing Co.  and  V.  P.  Vermilion  Iron  Co. 

Watson,  Frederick  Morgan,  E.M.,      .  .  1885. 

R.  J.  &  William  Frecheville,  33  Broad  Street  Avenue,  London,  E.  C, 

and  403  Sibley  Street,  Cleveland,  0. 
1885,  Assayer  and  Surveyor,  La  Maria  Mining  Co.,  Mexico.  1886-89,  Engineer, 
Mill  Superintendent,  Sombrerete  Mining  Co.,  Mexico.  Concentration  and  Lixivia- 
tion.  1890,  Engineer  for  Peru  Exploration  Syndicate,  Ltd.,  Pern.  1891  to  date,  Exam- 
ining Engineer  for  Frecheville  Bros.  Special  Experience  in  Roasting  Rebellious 
Ores.    Lixiviation  by  Russell  Process. 

Watson,  Bolla  Barnum,  Met.  Eng.,      ....     1891. 
403  Sibley  Street,  Cleveland,  Ohio. 

Weed,  Walter  Harvey,  E.M., 1883. 

U.  S.  Geological  Survey,  Washington,  D.  C,  and  care  S.  R.  Weed, 
South  Norwalk,  Conn. 
1883  to  date,  Geologist  on  the  U.  S.  Geological  Survey.  1883-89,  general  geology 
of  the  Yellowstone  National  Park,  especially  of  sedimentary  rocks^  with  examina- 
tions of  the  adjacent  mining  regions.  1890,  structural  and  economic  geology  of  the 
country  north  of  the  Yellowstone  Park,  with  special  studies  of  the  coal-fields  of 
Montana.  Specialty,  economic  and  stratigraphic  geology.  Publications :  "  A  Deadly 
Gas-spring  in  the  Yellowstone  National  Park." — Science.  "  The  Diatom-beds  and 
Marshes  of  the  Yellowstone  National  Park." — Bot.  Gazette,  "The  Formation  of  Hot 
Spring  Deposits." — Ninth  Annual  Report  of  the  Director  U.  S.  Geological  Survey. 
"Geysera." — School  of  Mines  Quarterly.  "Notes  on  the  Coal-Fields  of  Mon- 
tana."—School  oj-  Mines  Quabteblv.  "  The  Cinnabar  and  Bozeman  Coal-Fields 
of  Montana." — Bulletin  Geological  Society  of  America,  and  other  jMipers. 

Weekes,  Edward  Ferris,  E.M., 1889. 

Koom  49,  Department  City  Works,  and  53  New  York  Avenue,  Brook- 
lyn, N.  Y. 
Entered  Department  of  City  Works,  June,  1889,  as  an  Assistant  Engineer.    At 
present,  Engineer  in  charge  of  Granite  Repaying  Bureau. 
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Weeks,  William  Huey,  Ph.B., 1889. 

42  Bleecker  Street,  and  789  Madison  Avenue,  New  York  City. 
1889-90,  Assistant  Chemist  New  York  Chemical  Manufacturing  Company.    April, 
1890,  to  date,  Assistant  Chemist  Health  Department,  New  York  City. 

Wells,  James  Simpson  Chester,  Ph.B.,  Ph.D.,     .        .     1875. 

Columbia  College,  School  of  Mines,  New  York  City,  and  Hackensack, 
N.J. 
1^5-79,  Assistant  in  Quantitative  Analysis,  School  of  Mines.    Vacation  of  1877, 
spent  as  Night  Superintendent  Pennsylvania  Lead  Works.    1879-91,  Instructor  in 
Qualitative  Analytical  Chemistry,  School  of  Mines. 

Weijs,  Paul  Oscar,  B.S.,  E.M., 1887. 

2113  Madison  Avenue,  New  York  City. 

Wbndt,  Arthur  F.,  E.M.,  C.E.,  Ph.D.,  ....     1872. 

Antofagasta,  Chili,  S.  A. ,  and  127  East  Ninety-first  Street,  New  York 
City. 

Wertheimer,  Lewis,  Ph.B., 1887. 

Western  and  Bed  well  Streets,  Allegheny  City,  Pa. 

Wheeler,  Herbert  Allen,  E.M.,        ....     1880. 

Washington  University,  St.  Louis,  Mo, 
Duriug  1880,  Assistant  Geologist  in  Utah,  on,  U.  S.  Geological  Survey.  During 
1881,  Assistant  Engineer  Denver  and  Rio  Grande  Western  Railroad,  in  Utah  and 
Colorado,  on  location  and  construction.  During  1882,  Superintendent  Vermont  Cop- 
per Company,  Ely,  Vermont.  From  1883  to  date,  at  Washington  University,  St. Louis ; 
Adjunct  Professor  of  Mining;  also  Consulting  Mining  Engineer. 

Wheeler,  Moses  Dillon,  A.B.,  E.M.,    ....    1868. 

Address  unknown. 

White,  William  Suerf,  E.M.,  .        .    1882. 

Pier  A,  North  River,  Department  of  Docks,  New  York  City,  and  368 
Fifth  Street,  Brooklyn,  N.  Y. 
Mining  Engineer  and  Chemist  of  Croton  Magnetic  Mine,  at  Brewsters,  N.  Y.    At 
present,  Charge  of  Surveying  on  the  East  and  Harlem  Rivers  for  the  Dock  Depart- 
ment, New  York  City;  have  been  there  since  October  1,  1887. 

Whitlock,  Herbert  Percy,  C.E., 1889. 

*  Assistarfl,  in  Mineralogy,  Columbia  College,  School  of  Mines,  and  449 

Park  Avenue,  New  York  City. 

WiECHMANN,  Ferdinand  G.,  Ph.B.,  Ph.D.,    .        .        .     1881. 

Instructor  in  Chemical  Philosophy  and  Chemical  Physics,  Columbia 
College,  School  of  Mines,  New  York  City. 
Consulting  Chemist  American  Sugar  Refining  Co.,  Brooklyn,  N.  Y. 

Wiener,  William,  A.B.,  Ph.B., 1891. 

Care  of  Hanson  Van  Winkle  &  Co.,  219-221  Market  St.,  Newark,  N.  J. 

Williams,  Granville  Whittlesey,  E.M.,  C.E.,   .        .    1879. 

333  Genesee  Street,  Utica,  N.  Y. 

Williams,  John  Townsend,  E.M.,  Ph.B.,      .        .        .     1873. 

Williams,  Clark  &  Co.,  and  871  Madison  Avenue,  New  York  City. 

Willis,  Bailey,  E.M.,  C.E., 1878. 

U.  S.  Geological  Survey,  Washington,  D.  C. 
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Jnne,  1879,  to  July,  1881,  Special  Agent  Tenth  Census ;  sampler  of  iron-ores  and 
student  of  iron  deposits  in  States  east  of  the  Mississippi  river.  August,  1881,  to  June, 
1884,  Geologist  in  charge  of  Pacific  division  of  Northern  Transcontinental  Survey, 
chiefly  engaged  in  coal  explorations  in  Washington,  Oregon  and  Montana.  July, 
1884,  to  February,  1889,  Assistant  Geologist  U.  S.  Geological  Survey,  working  in 
Tennessee  and  North  Carolina.  March,  1889,  to  present  date,  April,  1891,  Geologist  in 
charge  of  Appalachian  division,  U.  S.  Geological  Survey,  directing  work  and  studying 
geologic  problems  of  the  Palroozoic  rocks  south  of  Pennsylvania. 

Wilson,  Herbert  M.,  C.E., 1881. 

U.  S.  Geological  Survey,  Washington,  D.  C. 
1881-82,  Leveller  and  Transitman,  afterwards  Chief  of  Preliminary  party,  S.  &  D. 
B.B.,  Mexico.      1882-88,  Topographer  U.  S.  Geological  Survey.     1889-90,   Division 
Engineer,  U.  S.  Irrigation  Surveys.    1891,  Geographer,  U.  S.  Geological  Survey. 

Wilson,  William  Alexander,  E.M.,    ....     1882. 

Park  City,  Utah. 
Assayer  for  two  and  a  half  years.  Superintendent  of  Sampling  Mill  for  two  years. 
Superintendent  of  30-Stamp  Mill  (dry  crashing,  chloridizing,  amalgamating  and 
lixiviating,  capacity  sixty  tons  per  day)  for  five  years.  Specialty,  treatment  of  silver 
and  gold-ores  and  examining  and  reporting  on  mining  properties.  Superintending  of 
Mining  or  Milling  Operations. 

WiLTsiE,  Ernest  Abram,  E.M., 1885. 

Grass  Valley,  Cal. 
1885-86,  Assistant  Chemist  Edgar  Thomson  Steel  Works,  firaddock,  Pa.  1886  to 
May,  1887,  Chemist  Colorado  Coal  and  Iron  Company,  Pueblo,  Colo.  May,  1887, 
to  August,  1888,  Chemist  for  the  Globe  Smelting  and  Refining  Company,  Denver, 
Colo.  August,  1888,  to  April,  1890,  Assistant  Superintendent  North  Star  Mining 
Company,  Grass  Valley,  CbX.  April,  1890,  to  date,  Superintendent  Menlo  Mines, 
Grass  Valley,  Cal. 

WiTTMACK,  Charles  Augustus,  M.S.,  Ph.B.,  Ph.D.,      .     1882. 

79  West  87th  Street,  New  York  City. 

WoOLSoN,  Ira  Harvey,  E.M., 1885. 

Columbia  College  School  of  Mines,  New  York  City. 
1885-86,  Assistant  Geological  Survey  of  New  Jersey.     1886-87,  Assistant  Assay 
Department,  School  of  Mines.     1887-89,   Assistant  Drawing   Department,   School 
of  Mines.    Present  position,  Instructor  Practical  Mining  and  Drawing,  School  of 
Mines. 

Y. 

Young,  Edward  Leavitt,  E.M., 1882. 

Agent  Fraser  &  Chalmers,  257  West  One  hundred  and  thirty-second 
Street,  New  York  City. 
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HONORARY  MEMBERS. 


Chandler,  Charles  F.,  Ph.D. 

Professor  of  Chemistry,  School  of  Mines,  Columbia  College.     Address, 
51  East  Fifty-fourth  Street,  New  York  City. 

Egleston,  Thomas,  E.M.,  Ph.D. 

Professor  of  Mineralogy  and  Metallurgy,  School  of  Mines,  Columbia 
College.     Address,  35  West  Washington  Square,  New  York  City. 

Fish,  Hamilton,  LL.D. 

Trustee  of  Columbia  College.     Address,  251  East  Seventeenth  Street, 
New  York  City. 

Miller,  George  M. 

Ringwood,  New  Jersey. 

Newberry,  J.  S.,  M.D.,  LL.D. 

Professor  of  Geology  and  Palaeontology,   School  of  Mines,  Columbia 
College. 

Rood,  O.  N.,  A.M. 

Professor  of  Physics,  Columbia  College.     Address,  Columbia  College, 
New  York  City. 

Trowbridge,  W.  P.,  Ph.D.,  LL.D. 

Professor  of  Engineering,  School  of  Mines,  Columbia  College.    Address, 
School  of  Mines,  New  York  City. 

Van  Amringe,  J.  H.,  A.M.,  Ph.D. 

Professor  of  Mathematics ,  School  of  Mines,  (Columbia  College.  Address, 
51  East  Forty-fourth  Street,  New  York  City. 

Ware,  William  R.,  B.S. 

Professor  of  Architecture,  School  of  Mines,  Columbia  College.    Ad- 
dress, 9  West  Thirty-fifth  Street,  New  York  City. 


Honorary  Members  Deceased. 

Agnew,  C-  R., 1888 

Barnard,  F.  A.  P., 1889. 

Peck,  W.  G., 1892 

RUTHERFURD,  L.  M., 1892. 


LIST  No.  3. 


Contains  the  names  of  Graduates  of  the  School  of 
Mines,  not  members  of  the  Alumni  Associa- 
tion, nor  participating  in  the  benefits  of  such 
membership.  For  this  reason  great  uncer- 
tainty prevails  as  to  nnany  of  the  addresses 
given,  which  are  the  best  at  hand. 

It  is  very  desirable  that  this  list  should  be  short- 
ened as  far  as  practicable  by  the  transfer  of 
names  from  it  to  the  preceding  List,  No.  2, 
under  the  Rules. 

(Revised  to  July,  1892.) 
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Adftms,  W.  J.|  A.M.,  E.M.|        ...........     18T8. 

Marphy's.  Calaveras  County,  Cal. 

Agramont^,  Jos6  Cesar,  C.E., 1876. 

Address  unknown. 

Alden,  Herbert  C.  E.M., 1884. 

269  West  One  Hundred  and  Twenty-fifth  Street,  New  York  City. 

Anderson,  George  Mendenball,  Ph.B., 1891. 

East  Walnut  Hills,  Cincinnati,  Ohio. 

Andresen,  Charles  Alfred,  E.M., 1881. 

Pickard  &  Andresen,  8  Gold  Street,  New  York  City. 

Appleby,  John  Storm,  Ph.B *        .        .        .    1888. 

Architect,  216  West  Fifty-ninth  Street,  New  York  City. 

Aschman,  Fred.  Theo.,  Ph.B., 1881. 

Sharon,  Pa. 

Ayestas,  Alberto,  Ph.B., 1884. 

Tegucicalpa,  Honduras 

Bark  ley,  Howell  Finch,  E.  M., 188.=i. 

Inspector  Health  Department,  42  Bleecker  Street,  NewYork  City. 

Barnard,  Aug.  Porter,  E.M., 1868. 

125  East  Twenty-sixth  Street,  New  York  City. 

fiarros,  Louis  de  Souza,  E.M.,  C.E , 1877. 

San  Paulo,  Brazil. 

Beckstein,  Charles  Alfred,  Ph.B 18K*<. 

336  West  Forty-sixth  Street,  Now  York  City. 

Beck  with,  Charles  Ellsworth,  Met.  Eng 1888. 

Secretary  Paterson  Iron  C^mpan'y,  Paterson,  N.  J. 

Beck  with,  George  Alexander,  C.E., 1680. 

Paterson,  N.  J. 

Behlen,  Herman,  Ph.B 1890. 

12,5  East  One  Hundred  and  Fifteenth  Street,  New  York  City. 

Bell,  Henderson,  M.,  Jr.,  E.M., l^v<>t{. 

Staunton,  W.  Va. 

Berry,  Gerald,  C.E lSf9. 

78  Mortou  Street,  Brooklyn,  N.  Y. 

Betts,  Borneo  Thompson,  C.E., ls«90. 

191  Halsey  Street,  Brooklyn,  N.  Y. 

Blake,  Edwin  Mortimer,  E.M 1^90. 

Fellow  Columbia  College,  New  York  City,  and  230  Washington  Avenue, 
Brooklyn,  N.  Y. 

Bleecker,  Charles  Popham,  E.M., 1881. 

Woodards,  Ala. 

Bliss,  Collins  Pechin,  Ph.B 1891. 

423  West  One  Hundred  and  Fifty-fourth  Street,  New  York  City. 

Bolton,  Robert,  Ph.B 187M. 

408  West  Nineteenth  Street,  New  York  City. 

Brennan,  Andrew  Joseph,  C.E., 1885. 

Address  unknown. 


J 
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Bridgham,  Samael  Willard,  E.M., 1867. 

49  West  Twenty-third  Street,  New  York  City. 

Brinckerhoff,  George  Charles,  E.M., 1878. 

Apartado  183,  Matanzas,  Caba. 

Brinley,  John  Eowlett,  C.E., 1884. 

Morristown,  N.  J. 

Bronson,  Edward  Stelle,  A.B.,  A.M.,  E.M., 1867. 

49  Garden  Place,  Brooklyn,  N.  Y. 

Brown,  Robert  Gilman,  E.M., 1889. 

Supt.  for  W.  A.  Clark  &  Bro.,  Box  505,  Batte,  Mont.,  and  170   West 
Tenth  Street,  New  York  City. 

Bruckman,  Frederick,  E.M 1869. 

1814  Sixteenth  Street^  Denver,  Colo. 

Buckingham,  Frederick  Endicott,  E.M 1884. 

Department  Public  Works,  Brooklyn,  N.  Y. 

Buckland,  Will  A.,  Ph.B., 1890. 

36  East  Twenty-Second  Street,  New  York  City. 

Bush,  William  Falkner,  E.M., 1885. 

Box  225,  Flushing,  N.  Y. 

Cady,  Linns  Bertram,  E.M.,  C.E., 1877. 

234  West  Thirty-eighth  Street,  New  York  City. 

Cairns,  Fred.  Irvan,  E.M., 1890. 

Address  unknown. 

Cameron,  John  Gedney  Mott,  E.M.,  C.E., 1874. 

Assayer,  Box  188,  Nyack  on-Hudson,  N.  Y. 

Campbell,  Alonxo  Clarence,  E.M., 1869. 

Mining  Engineer,  306  Rassell  Street,  Nashville,  Tenn.    Specialty,  Mill- 
ing and  Concentration. 

Carr^re,  Joseph  Maxwell,  C.E., 1883. 

36  Park  Place,  New  York  City,  and  New  Brighton,  N.  Y. 

Carson,  Joseph,  C.E., 1890. 

31  West  Fifty-fifth  Street,  New  York  City. 

Churchill,  Alfred  Daniel,  A.M.,  M.S.,  E.M.,  Ph.D., 1880. 

Helena,  Mont. 

Clayton,  William  Robert,  Ph.B., 1890. 

Omaha,  Neb. 

aoud,  Leo  George,  A.B.,  S.M., 1879. 

216  Monmouth  Street,  Newport,  Ky. 

Colton,  Frederick  Gray,  Ph.B., 1890. 

136  Montague  Street,  Brooklyn,  N.  Y. 

Comstock,  Claude  Nichols,  C.E., '        .        .        .        .    1888. 

72  I^ocust  Hill  Avenue.  Yonkers,  N.  Y. 

Constant,  Charles  Louis,  E.M.,  C  E.,       .        . , 1877. 

32  Park  Street,  Jersey  City,  N.  J. 

Cornwall,  George  Rockwell,  E.M.,  C.E., 1876. 

Wallbridge  &  Co.,  27  Vanderwater  Street,  New  York  City. 

CouTsen,  George  Hampton,  E.M.,  C.E., 1868. 

Address  unknown. 

Coykendall,  Thomas  Cornell,  C.E.,  .  • 1890. 

Rondout,  N.  Y. 

Cozzens,  Harmon,  E.M., 1885. 

317  Lexington  Avenue,  New  York  City. 
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Cristy,  Edward  Buxton,  Ph.B 1891. 

Greenwich,  Conn. 

Cromwell,  James  William,  Jr.,  Ph.B 1889. 

Architect,  29  Brevoort  Place,  Brooklyn,  N.  Y. 

Oiriis,  Cliarles  Gordon,  C.E., 1881. 

114  East  ThiHieth  Street,  New  York  City. 

Davis.  William  Monroe,  E.M 1890. 

Altoona,  Pa.,  and  Syracuse,  N.  Y. 

Del  Oilvo.  Francis,  C.E 1884. 

Address  unknown. 

Detwiller,  Charles  Heury,  Ph.R 1885. 

88  and  56  Dan  forth  Avenue,  Jersey  City,  N.  J. 

Doolittle,  Charles  Horace,  E.M 1885. 

St.    liouis   A   Zacatecas  l)re  Co..  Monterey,    Mexico,  and  418   Greene 
Avenue,  Brooklyn,  K.  Y. 

Downing.  Orrien  Piukerton,  Ph.B 1878. 

San  Ijeandro,  Ol. 

Dresser.  Daniel  l^eRoy.  C.E. 1S89. 

Men  hant.  ,JT3  Church  Street,  New  York  City,  and  Flushing.  N.  Y. 

&eohar,  Francisco.  E.M., 1S89. 

Medelin,  V.  S.  of  Colombia.  S.  A. 

Fale«^  William.  E-S..  F^M.,  LUB. 1871. 

Lawyer.  1^  Montasue  Street   Brooklyn.  N.  Y. 

Ferguson,  (^et^n^  Albert  Ph.R 1»<W. 

laS  WiUin  Street,  Brooklyn.  X.  Y. 

Fisher,  IJoyd  Wiei^ram).  Ph.B 1?5>0. 

We5tlown.  N.  Y. 

Filch.  l1iarl«>s  Liiux^lo.  RM 1?82. 

So  pi.  San  P^ro  Miue.Smora.  Mexico,  and  1:14  West  Forty -«ecoB«l  Street. 
New  York  i^ly. 

Flic  h.  Jt>>t»h  Hunt  III  )Ed  on.  E.M I^v^. 

".?4«»  Wtrsi  Forty -third  Street,  New  York  City. 

Fitx^erald.  Ge^^r^  E..  E.M l?^4. 

EI  P:ft»4\  Texas. 

Foye.  Andrew  Ernest.  C.E. l*«>i\ 

i>lKi-e  Eujciiuvr  M.  W.  P.  RK..  Jersey  City.  N.  J.,  and  1K3  W<st  Ninety- 
ninth  Street,  New  York  Citv. 

FniB«*ke,  K*.»bert  iHto,  C.E.. 1^80. 

W.  p3fcP*Ninc.  Esu)..  M«>!«^-v»w.  Ru?i<ia. 

FruikdeM.  Em:'.  C.E. 188tJ. 

sSl^S  Wtfst  Fifty sstxth  Street.  New  York  City. 

G,i^.  "Nftna-ei  E*!-***©.  Ph  R l!?S7. 

Arv*':tect.  F*ashi?i.  N.  Y. 
G.iri"er  Wi-jvi  rs^n-g^,  i\F iS^j*. 

'^  ip^  -vi  W^^  *>n^  Hi^.lr^d  And  Tb:rty-ir*t  'kr^wc.  New  Yv»rkCity. 

C^rr-soo    fc.iTini  H^Tt.  F.M.  C  r.      .  1-576. 

M  HihAn«i  Street.  YT«.T»r»v  N   Y 

Oeer. '.Worviv  Jirvi-*.  Jr  .  EM 1868. 

Mtfr'-2.*a:,  -tV  Br-x^me  Street.  New  Y«?ck  Clrr. 
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Giddings,  Edward  Everett,  E.M., .    1967. 

Merchant,  413  Boyal  Insaraoce  building,  Chicago,  111. 

Qoldsmith,  Byron  Benjamin,  Ph.B., 1887. 

19  East  Seventy-fourth  Street,  New  York  City. 

Gould,  Edward  Ludlow,  C.E., ,        ,    1890. 

59  Hawthorne  Avenue,  Yonkers,  N.  Y. 

Greene,  Wilkins  Updike,  Ph.B., 1880. 

104  Columbia  Heights,  Brooklyn,  N.  Y. 

Griffith,  Vincent  Colyer,  Ph.B., 1889. 

Architect,  298  Herkimer  Street,  Brooklyn,  N.  Y. 

Griggs,  Wilfred  Elizur,  Ph.B., 1889. 

Architect,  Waterbury,  Conn. 


Haas,  Harry  Leopold,  Ph.B., 1878. 

Garr^re  and  Haas,  36  Park  Place,  New  York  City. 

Haffen,   Louis  Francis,  A.M.,  C.E., 1879. 

Lorillard  Mansion,  Bronx  Park,  and  647  Courtlandt  Avenue,  23d  Ward, 
New  York  City. 

Hamilton,  Schuyler,  Jr.,  A.B.,  A.M.,  E.M., 1876. 

Croton  Lauding,  Westchester  Co.,  N.  Y.,  Architect  and  Brick  ManufiEic- 
turer. 

Harker,  Charles  Sumner,  E.M., 1879. 

Bodie  Tunnel  Co.,  Bodie,  Cal. 

Harmer,  Thomas  Hayes,  A.B.,  A.M.,  E.M., 1867. 

113  East  Twenty-seventh  Street,  New  York  City. 

Hart,  Burnham,  C.E., 1885. 

Care  L.  W.  Hart,  44  Court  Street,  Brooklyn,  N.  Y.,  and  Ramsay,  N.  J. 
Out  of  health,  unable  to  practice. 

Hart,  Charles  Henry,  C.E., 1890. 

130  West  One  Hundred  and  Twenty-fifth  Street,  New  York  City. 

Hasegawa,  Yothinosuke,  E.M.,  Ph.D 1878. 

Mitsu    Bishi    Sba,    No.   11,   Awiyicho,   Nichome  Kauda,  Tokio, 
Japan. 

Heath,  Frederick  Milton,  E.M., 1867. 

Potsdam,  N.  Y. 

Heinze,  Frederick  Augustus,  E.M., 1889. 

Box  2741,  Brooklyn,  N.  Y. 

Hemmer,  Frederick  Adolph,  Ph.B., 1881. 

52  Cedar  Street,  New  York  City. 

Hooper,  Louis  Mosher,  C.E 1880. 

Sanitary  Department  New  York  Board  of  Health,  and  care  of  J.  B. 
Hooper,  80  Chambers  Street,  New  York  City. 

Hudson,  Edward  Henry.  C.E., 1880. 

Address  unknown. 

Huntting,  Henry  Ogden,  Ph.B., 1887. 

Architect,  454  Ceasson  Avenue,  Brooklyn,  N.  Y. 

Holter,  Norman  Bernard,  E.M., ,        ,        .        .    1891. 

Helena,  Mont. 
Hombostel,  Henry  Frederick,  Ph.B.,    ....  .       *       *       *    1891. 

39  Second  Place,  Brooklyn,  N.  -^ 
Hoyt,  John  Sherman,  C.E., ^-  •       •   ^^®^' 


934  Fifth  Avenue,  New  York:  ^^ 
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Ingram,  Edward  Lovering,  C.E., 1885. 

St.  Augustine,  Fla.,  and  Xyack,  N.  Y.,  now  U.  S.  Assistant  Engineer. 
Harbor  Engineering. 

Ives,  Arthur  Stanley,  C.E., 1889. 

33  Sidney  Place,  Brooklyn,  N.  Y. 

Jackson,  Charles  Edward,  C.E., 1875. 

15  Courtland  Street,  New  York  City. 

Jarmnlowsky,  Meyer,  Ph.B., 1890. 

27  Jefferson  Street,  New  York  City. 

Jenney,  Walter  Proctor,  E.M.,  Ph.D., 1869. 

U.  S.  Geological  Survey,  Washington,  D.C.,  and  Jopling,  Mo. 

Johnston,  Robert  Andrew.  C.E., 1879. 

Assistant  Sanitary  Engineer,  New  York  Board  of  Health,  301  Mott  Street, 
New  York  City. 

Jones,  Thomas  John,  Met  Eng 1890. 

Pulaski,  Va. 

Jordao,  Jose  Nabor  Pacheco,  C.K,  RM.,  Ph.B., 1877. 

Panlista  Railway,  San  Paulo,' Brazil,  S.  A. 

Keeler,  Frederick  Sterling,  Ph.B., 1891. 

106  East  Thirty-eighth  Street,  New  York  City. 

King,  Charles,  Ph.B 1876. 

Railroad  contractor.  King  and  Dickinson,  Tacoma,  Wash. 

Kohn,  Robert  David,  Ph.B 1890. 

108  West  Sixty-fourth  Street,  New  York  City. 

Koen,  Louis,  Ph.B., 1890. 

924  Madison  Avenue,  New  York  City. 

Klepetko,  Frank,  E.M., 1880. 

Superintendent  Smelting  Department,  Tkmarack,  Osceola  Copper  Manu- 
facturing Co.,  Dollar  Bay,  Mich.    At  present  Superintendent  of  Con- 
struction of  the  Great  Falls  Smelter,  for  the  Boston  and  Montana 
Consol.  Copper  and  Silver  Mining  Co.    Address,  Great  Falls,  Montana, 

Knapp,  John  Augustus,  A.B.,  A.M.,  E.M., 1870. 

Chicago  and  Aurora  Smelting  Co.,  Chicago,  111. 

Ledoux,  Augustus  Damon,  Ph.B., 1881. 

A.  R.  Ledoux  and  Co.,  10  Cedar  Street,  New  York  City. 
Lee,  Henry  Charles,  C.E., 1886. 

127  East  Twenty-first  Street^  New  York  City. 

Lichtenstein,  Edward  Gervaise,  Ph.B. 1890. 

128  West  Forty-second  Street,  New  York  City. 

Lindsley,  Stewart,  E.M 1870. 

Orange,  N.  J. 

XiOrd,  Nathaniel  Wright,  E.M 1876. 

Professor  Mining  and  Metallurgy,  Ohio  State  University,  Colambus,  O. 

Lowndes,  William  Shepherd,  Ph.B.,      .  1890. 

42  Sherman  Place,  Jersey  City,  N.  J. 

McDowell,  Frederick  H.,  E.M., 1872. 

117  Liberty  Street,  New  York  City  and  Montclair,  N.  J. 

McUvaine,  Alexis  Reed,  Ph.B., 1888. 

Architect,  28  East  Ninth  Street,  New  York  City. 
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McKleroy,  William  Henry,  Met.  Eng., 1890. 

Anniston,  Ala. 

Maghee,  John  Holme,  A.B.,  A.M.,  C.E 1876. 

Cayuga  Lake  Ice  Line,  Rochester,  N.  T.,  and  16  East  Fifty-fourth  Street, 

New  York  City. 

Mahl,  J.  Thomas,  C.E 1891. 

Langtry,  Texas. 
Mann,  Horace  Borchsenius,  Ph.B., 1890. 

Orange,  N.  J. 

Mapes,  Charles  Halstead,  Ph.B., 1889. 

68  West  Fortieth  Street,  New  York  City. 

Mason,  Carl  Schultz,  Ph.B., 1889. 

Architect,  1423  Lexington  Avenue,  New  York  City. 

Matthews,  Charles  Thompson,  Ph.B., 1889. 

Architect,  Elm  Park,  Norwalk,  Conn. 

Matsui,  Nawokichi,  Ph.B.,  Ph.D 1878. 

Third  High  School,  Osaki,  Japan. 

Mattison,  Josyoh  Godley,  Ph.B 1880. 

Chemist,  Hoppock  &  Mattison,  20  West  Fourteenth  Street,  New  York 

City. 

Mayer,  Ralph  Edward,  C.E., 1879. 

Instructor  in  Engineering,  Columbia  C/ollege,  New  York  City. 

Meikleham,  Thomas  Mann  Randolph,  C.E., 1890. 

52  Wall  Street,  New  York  City. 

Mesa,  Antonio  Esteban,  C.E., 1882. 

Address  unknown. 

Moeller,  Rudolph,  Ph.B 1887. 

17  and  19  William  Street,  and  336  West  Twenty-ninth  Street,  New  York 

City. 

Morewood,  George  Barrow,  E.M.,  Ph.D., 1878. 

Tea  Importer,  121  Front  Street,  New  York  City. 

Morewood,  Henry  Francis,  E.M.,  Ph.D., 1876. 

Importer,  121  Front  Street,  New  York  City,  and  Englewood,  N.  J. 

Mott,  Henry  Augustus,  Jr.,  Ph.D..  E.M.,  Ph.D., 1873. 

Mining  Engineer  and  Analytical  Chemist,  61  Broadway,  New  York  City. 

Murray,  George,  E.M., 1874. 

235  West  Twenty-third  Street,  New  York  City. 

Nambu,  Kiugo,  E.M., 1878. 

Nagasaki,  Japan. 

Neymann,  Percy,  Ph.B., 1881. 

Chemist  and  Assistant  Superintendent  Sherwin,  Williams  &  Co.,  100 
Canal,  Cleveland,  O. 

Nichols,  Harry  Parmelee,  E.M., 1887, 

Arsenal,  Sixty-fourth  Street,  Fifth  Avenue,  New  York  City. 

Nichols,  Ralph,  E.M.,  C.E., 1877. 

Manager  Jay  Gould  Mine,  Bullion  &  Haley,  Alturas  Co.,  Idaho. 

Noble,  Charles  Milton,  E.M., ....    1879. 

Manager  Ruttan  Mfg.  Co.,  South,  Room  410,  Exall  Building,  Galveston, 
Texas,  and  Anastin,  Ala. 

CGrady,  James  William,  E.M.,  C.E., 1876. 

Contractor,  Morrisania,  N.  Y. 
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Oseranski,  Isaac  Henry,  C.E., 1889. 

Address  uDknown. 

Oxnard,  James  Guerrero,  Ph.B., 1883. 

Falton  Sugar  Befinery,  Dock  and  Water  Streets,  Brooklyn,  N.  Y. 

Palmer,  Cortlandt  Edward,  E.M., 1878. 

General  Manager,  Argentum,  Juniata,  etc.,  M.  &  M.  Cos.,  Aspen,  Colorado. 

Pazos,  Vincent  Felix,  E.M., 1878. 

Address  unknown. 

Perry,  Nelson  W..  E.M., 1878. 

238  Auburn  Avenue,  Cincinnati,  O. 

Pflster,  Philip  Charles,  E.M .    1875. 

Address  unknown. 

Pierce,  Harry  Nelson,  E.M., 1885. 

Address  unknown. 

Piez,  Charles,  E.M., 1889. 

Link  Belt  Engineering  Co.,  Nicetown,  and  430  Franklin  Street,  Phila- 
delphia, Pa. 

Piatt,  Charles  Slason,  E.M., 1868. 

Assayer,  4  Lil)erty  Place,  New  York  City. 

Portuondo,  Jose,  C.E., 1890. 

San  Basilio,  Alta  28,  Santiago,  Cuba. 

Post,  William  Stone,  Ph.B., 1890. 

Bernards ville,  N.  J. 

Powers,  Cornelius  Van  Vorst,  Ph.B., 1882. 

22  West  Forty-eighth  Street,  New  York  City. 

Primelles,  Jose  Alejandro,  C.E., 1887. 

Puerto  Principe,  Cuba. 

Proctor,  William  Ross,  E.M., 1884. 

Pittsburgh,  Pa. 

Provot,  George,  Ph.B., 1889. 

Architect,  24  Highland  Terrace,  Orange,  N.  J. 


Badford,  William  Helsham,  E.M., •.        .        .        .    1877. 

Lydenburgh,  Gk)ld  Mining  Co.,  Limited,  Manchester,  Eng. 

Raymer,  George  Sharp,  A.B.,  E.M., 1881. 

Mine  Superintendent,  Idaho  Springs,  Colorado,  and  63  Seventh  Avenue, 
Brooklyn,  N.  Y. 

Raymond,  Alfred,  Ph.B., 1891. 

123  Henry  Street,  Brooklyn,  N.  Y. 

Reed,  William  Bell  Stephen,  E.M., 1879. 

Address  unknown. 

Richmond,  William  Thomas,  Ph.B.,       ...  1881. 

68  Thomas  Street,  New  York  City. 

Roberts,  Arthur  Carr,  E.M., 1881. 

Address  unknown. 

Roberts,  Gracie  Sayre,  E.M.,  C.E., 1871. 

Aqueduct  Commission,  280  Broadway,  New  York  City. 

Robertson,  Kenneth,  E.M. 1868. 

Secaucus  Iron  Co.,  Secaucus,  Hudson  Co.,  N.  J. 

Robertson,  Richard  Spotswood,  Jr.,  E.M., 1871. 

Jackson,  Minn. 
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BobiDflon,  Henry  Alyord,  Ph.B.,     ....        * 1880. 

Lawyer,  address  nnkDown. 

BoKers,  Charles  Louis,  E.M.,  C.E., 1877. 

823  Broad  Street,  Chattanooga,  Tenn. 

Boilers,  Oscar  Legare,  Ph.B 1889. 

Architect,  57  West  Eighty-fifth  Street,  New  York  City. 

Boss,  William  Coleman,  C.E.,  M.E., 1876. 

Rutherford,  Francis  Morris,  E.M., 1879. 

Assistant  Engineer,  maintenance  of  way,  B.  &  D.  R.  R.,  Richmond,  Va. 

Ratherford,  Lewis  Hopkins,  E.M., 1887. 

Franklin,  Pa.,  and  470  Washington  Street,  New  York  City.    1888  to 
date.  Manager  American  Oxide  Co.,  as  above. 


Sanders,  Wilbur  Edgerton,  E.M., 1885. 

Mine  Supt.,  Ewing  and  Seventh  Avenue,  Helena,  Mont. 

Sawyer,  Charles  Pike,  Ph.B., 1881. 

136  West  Ninety-third  Street,  New  York  City. 

Shack,  Albert  P.,  E.M.,  1868. 

Address  unknown. 

Schroeder,  James  Langdon,  C.E., 1889. 

Renwick,  Aspinwall  &  Russell,  71  Broadway,  and  27  East  Thirty-first 
Street,  New  York  City.    July,  1890,  to  date,  architectural  draftsman. 

Sherman,  Frank  DempGter,  Ph.B., 1884. 

A4j.  Professor  of  Architecture,  Columbia  College,  School  of  Mines,  New 
York  City, 

Shope,  Henry  Brengle,  Ph.B., 1885. 

R.  M.  Hunt,  Tribune  Building,  19  West  Thirty -second  Street,  New  York 
City. 

Skidmore,  Samuel  Tredwell,  A.B.,  Ph.B 1889. 

71  West  Fiftieth  Street,  New  York  City. 

Sloane,  Thomas  O'Connor,  A.B.,  A.M.,  E.M.,  Ph.D., 1872. 

361  Broadway,  New  York  City,  and  South  Orange,  N.  J.     Chemist,  ex- 
pert in  patent  cases  and  author. 

Small,  Franklin  Maurice,  Ph.B., 1889. 

Architect,  199  Second  Avenue,  New  York  City. 

Smeaton,  William  Henry,  C.E.,  H:.M., 1877. 

Cana,  U.  S.  Colombia,  S.  A. 

Smedberg,  Henry  Ash  ton,  A.B.,  C.E., 1884. 

347  Fifth  Avenue,  New  York  City. 

Smythe,  Roland  Mulville,  E.M.,  C.E., 1877. 

44  Broadway,  New  York  City.     1879  to  date,  banker  and  broker. 

Speyers,  Clarence  Livingston,  Ph.B., 1884. 

Assist,  in  chemistry,  State  University,  Columbia,  Mo.,  and  50  West  Seven- 
teenth Street,  New  York  City. 

Stallnecht,  Frederick,  E.M., 1868. 

Editor,  11  Bond  Street,  New  York  City. 

Starr,  Henry  Fowler,  Ph.B 1879. 

Chemist,  Newark  Steel  Works,  38  Orleans  Street)  "Newark,  N.  J. 
Steers,  James  Rich,  Ph.B.,      .....         ^         ,        .        .        .        .    1890. 

10  East  Thirty-eighth  Street,  N©^  VnT^  ^'^^^^ 
Stewart,  Hunter,  E.M., ^  ....    1875. 


Address  unkno 
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St.  John,  Thomas  Matthew,  Met.  Eng., 1890. 

New  York  City. 

StoughtoD,  Arthur  Alexander,  Ph.B., 1888. 

93  Raede  Seine,  Paris,  France,  and  1665  Washington  Avenue,  New  York 
City. 

Stough ton,  Charles  William,  C.E., 1889. 

44  and  46  Broadway,  and  1665  Washington  Avenue,  New  York  City. 

Strieby,  William.  A.M.,  E.M., 1878. 

Professor  of  Metallurgy  and  Assaying,  Colorado  College,  Colorado  Springs, 
Colorado. 

Strout,  William  Allen,  Ph.B., 1891. 

366  Carlton  Avenue,  Brooklyn,  N.  Y. 

Suydam,  John  Richard,  Jr.,  E.M., '  .  ...    1879. 

14  East  Forty-first  Street,  New  York  City. 


Taylor,  Joseph  Brown,  E.M., 1888. 

C^olumbia  Iron  Works,  and  544  Bedford  Avenue,  Brooklyn,  N.  Y. 

Thomas,  Franz  Charles,  Ph.B., 1891. 

108  East  Seventeenth  Street,  New  York  City. 

Thompson,  Milton  Strong,  Ph.B., 1875. 

Chemist,  Newbury  port,  Mass. 

Thome.  William  Lincolp,  Ph.B., 1890, 

63  High  Street,  Yonkers,  N.  Y. 

Totten,  George  Oakley,  Jr.,  Ph.B.,  A.M.  (1892), 1891. 

62  North  Eleventh  Street,  Boseville,  'N.  J. 

Toucey,  Donald  Butler,  LL.B.,  E.M 1882. 

Ill  Broadway,  and  160  West  Fifty-ninth  Street,  New  York  City. 

Trowbridge,  Samuel  Breck  Parkman,  A.B.,  Ph.B., 1886. 

Architect,  7  East  Forty-sixth  Street,  New  York  City,  and  210  Prospect 
Street,  New  Haven,  Conn. 

Tucker,  Allen,  Ph.B., 1888. 

Architect,  65  West  Forty-fifth  Street,  New  York  City. 

Tucker,  John  Henry,  Ph.B.,  Ph.D., 1875. 

Address  unknown. 

Van  Boskerck,  Robert  Ward,  E.M., 1877. 

Artist,  58  West  Fifty-seventh  Street,  New  York  City. 
Van  Brunt,  Arthur  Hoffman,  Ph.B., 1886. 

Architect,  27  West  Thirteenth  Street,  New  York  City. 

Van  Leiinep,  David,  E.M 1868. 

Auburn,  Placer  County,  Cal.    Fruit  ranch. 

Wainwright,  Richard  Tighe,  C.E., ....    1890. 

Rye,  N.  Y. 

Wallbridge,  Frederick  Kidder,  E.M., 1884. 

71  Downing  Street,  Brooklyn,  N.  Y. 

Walker,  Joseph,  Jr.,  C.E 1880. 

Mill's  Building  and  112  East  Thirty-seventh  Street,  New  York  City. 

Wanier,  Albert  George,  Ph.D 1882. 

Supt.,  Fr.  Beck,  206  West  Twenty-ninth  Street,  and  41  West  Twenty- 
eighth  Street,  New  York  City. 

October,  1888,  to  date,  as  above. 
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WardUw,  James  Bobert,  C.E., 1876. 

25  Chambers  Street,  New  York  City. 

Warren,  Charles  Peck,  Ph.B.,  A.M.  (1892) 1890. 

286  Clifton  Place,  Brooklyn,  N.  Y. 

Warren,  Lloyd,  Ph.B., 1891. 

520  Fifth  Avenue,  New  York  City. 

Waterbury,  Cornelias  Beed,  C.E., 1877. 

Lawyer,  250  West  Fifty-fifth  Street,  New  York  City. 

Waters,  Georfce  Safford,  Ph.B. 1889. 

Architect^  Lansingburgh,  N.  Y. 

Webb,  Henry  Walter,  E.M.,  LL.B., 1873. 

Second  Vice-President,  N.  Y.  C.  &  H.  B.  B.B..  and  15  West  Forty-seventh 
Street.  New  York  City. 

Wedekind,  Edwin  Butter,  Ph.B., 1889. 

Assayer,  A.  Y.  &,  Minnie  Mines,  Leadville,  Colo. 

Welch,  Alexander  McMillen,  Ph.B., 1890. 

62  West  One  Hundred  and  Thirty-first  Street,  New  York  City. 

Welsh,  Howard  Farrington,  E.M 1690. 

273  McDonough  Street,  Brooklyn,  N.  Y. 

Wetmore,  Edwin  Atwater,  KM., 1875. 

Iron  Merchant,  Marquette.  Mich. 

Wheatley,  Joseph  Yendes,  C.E., 1886. 

Address  unknown. 

Whitman,  Ednuind  Pineo.  E.M., 1885. 

Puritan  Club.  Boston.  Mass. 

Williams,  Frederick  Harrison,  E.M., 1874. 

34  Virginia  Street,  Wheeling,  W.  V. 

Williams,  William  Fish,  C.E.,  E.M 1881. 

31  Fifth  Street,  New  Bedford,  Mass. 

Wilson,  Clarence  Edgar,  Ph.B.,       .        .        .        ' 1886. 

Address  unknown. 

Wood,  George  E.,  E.M.,  Ph.B., 1884. 

Architect,  63  William  St.,  and  37  West  54th  St..  N.  Y.  City. 

Wright,  Albert  Allen,  A.M.,  Ph.B., 1875. 

Professor  of  Geology  and  Natural  History,  Oberlin  College,  Oberlin,  O. 
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Alabama. — Bit-mingham^  C.  A.  Meissner ;  Mobile,  G.  F.  D.  Trask. 

Arizona.— Gfofte,  A.  L.  Walker;  Sierrata,  R.  D.  Rhodes;  Tombstrme, 
W.  F.  Staunton,  K.  Goodwin. 

California.— ^or/i>,  T.  H.  Leggett;  Grrwt  Valley,  E.  A.  Wiltsie  ;  Los  An- 
geles^  W.  F.  Brugman,  L.  C.  Easton ;  Palo  Alto,  L.  R.  Lenox ;  San 
Francisco,  J.  M.  Adams,  J.  L.  Lillienthal,  D.  E.  Mellis,  E.  C.  Van 
Blarcom ;  Selby,  E.  N.  Engelhardt. 

Colorado.— .4«pe'w,  A.  F.  Bardwell,  M.  B.  Holt,  C.  W.  Miller,  W.  E.  New- 
berry ;  Colorado  Springs,  C.  B.  Crowell,  G.  H.  Parsons  ;  Denver,  H,  V. 
F.  Furman,  M.  W.  lies,  C.  F.  Lacombc,  T.  B.  Stearns,  T.  F.  Van 
Wagenen ;  Dnrango,  E.  H.  Amy;  Golden,  M.  C.  Ihlseng,  G.  C  Tilden  ; 
Lmdmlle,  L.  S.  Noble;  Pvehlo,  W.  H.  Aldridge,  H.  P.  Bellinger.  A.  S. 
Dwight,  E.  C.  Eddy,  K.  E.  Eilers,  F.  W.  Smith ;  Red  Cliff,  F.  W.  Hun- 
tington ;   Tellnride,  T.  S.  Mathis. 

Connecticut.— i^r«V/^e/?rtr^  L.  H.  Norton  ;  CollinsviUe,  W.  Hill ;  Hartford, 
A.  L.  Levy ;  Middletown,  J.  G.  Murphy ;  Ridgefield,  G.  W.  Riggs  ; 
Stamford,  C.  Q.  Paine. 

District  of  Columbia.—  Washington,  p].  C.  Barnard,  Carl  Barus,  E.  M. 
Douglass,  W.  T.  Griswold,  H.  Hollerith,  H.  S.  MacKaye,  F.  W.  Tower, 
W.  H.  Weed,  B.  Willis,  H.  M.  Wilson. 

QeoT^s,,— Savannah,  D.  B.  Falk. 

Illinois. — Carthage,  J.  C.  Ferris;  Chicago^  ¥j.  G.  Bari-att,  S.  S.  Fowler, 
H.  L.  Hollis,  S.  B.  Peck,  F.  B.  F.  Rhodes,  W.  H.  Van  Arsdale,  A. 
Wampold ;  Aurora,  A.  W.  Jenks. 

Idaho. — DeLamar,  F.  C.  Hooper  ;  Rocky  Bar,  L.  0.  Koch  ;  Wall^ace,  J.  A. 
Staunton,  Jr. 

Indiana. — Fort  Wayne,  C.  G.  Massa;  Muncie,  J.  R.  Marsh. 

Indian  TerritoTy.— Hartshorn,  E.  Ludlow. 

Iowa. — Burlington,  W.  Boecklin  ;  Burlington,  West,  J.  T.  Beard;  Davenport, 
F.  P.  Bemis;  Ottnmwa,  S.  S.  Rice. 

Kentucky. — Lexington,  W.  Newbrough  ;  Louisville,  A.  J.  Lamb. 

Louisiana.— A^6i^  Orleans,  G.  S.  P^astwick. 

Maryland.— (7/<?y<cof,  E.  A.  McCulloh ;  Sparrows  Point,  L.  F.  Massa. 

Majgsachusette.- CaminV/^'c,  J.  A.  Noyes;  New  Bedford,  N.  Hathaway; 
Springfield,  L.  J.  Powers. 

Michifiran.— ^oM/7/i/ow,  F.  W.  Denton,  R.  M.  Edwards,  F.  W.  Stanton  ; 
Ironwood,  W.  C.  Butler,  G.  Miiller;  Ishpeming,  T.  P.  Channing;  Mar- 
quette, R.  A.  Parker;    Vulcan,  W.  Kelly. 

MiBBOUri,— Carthage,  A.  0.  Ihlseng;  De  Soto,  0.  M.  Munro;  Springjidd, 
W.  W.  Tuttle ;  St.  Louis,  H.  C.  Mannheim,  W.  B.  Potter,  A.  F.  Schnei- 
der, E.  Starek,  A.  Thacher,  fl.  A.  Wheeler. 

Montana.— ^w^^e,  F.  Sands,  S.  D.  Gifford  ;  Deer  Lodge,  A.  M.  Ryon,  F. 
W.  Traphagen ;  Helena,  J.  R.  Parks,  C.  F.  Pearis,  J.  G.  Seligman ; 
Great  Falls,  P.  A.  L.  Mannheim ;  Neihart,  R.  M.  Raymond ;  Smelter, 
A.  F.  Emrich ;  Wickes,  H.  M.  Cole. 

Nebraska.— Oma^,  H.  Garlichs. 
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New  Mexico. — Socorro,  T.  S.  Austin,  G.  B.  Lee. 

New  Jersey. — Dovrr,  F.  A.  Canfield ;  Eptgleicood,  W.  W.  Burritt ;  Iligh 
Bridge,  C.  Le  Boutillier ;  Hoboken,  A.  Stevens;  Jernei/  OVy,  W.  R. 
Appleby,  W.  F.  Downs,  C.  E.  Graff;  Nricark,  H.  G.  Atha,  C.  A.  Col- 
ton,  F.  W.  Kinsey,  H.  M.  Murphy,  W.  E.  Preston,  G.  C.  Stone,  F. 
Vanderpoel,  W.  Wiener;  New  Brunswick,  P.  T.  Austen,  A.  H. 
Chester,  W.  D.  Home;  Orange,  W.  L.  Hoyt,  R.  R.  Mosely,  W.  H. 
Stuart ;  l\wuiicy  E.  W.  Guiterman ;  Ffainjield,  C.  Bullman  ;  /ViWe/oii, 
H.  B.  Cornwall ;    WeM  End,  W.  E.  Hildreth. 

New  York.— .4W><i«v,  F  J.  H.  Merrill;  BrrMyn,  R.  L.  Allen,  G.  Berry, 
F.  Blossom,  D.  I).  Book,  E.  D.  Church,  E.  P.  Clark,  H.  R.  Connell,  J. 
T.  Corcoran,  J.  A.  Deghnee,  S.  G.  Engel,  S.  A.  Goldst»hniidt,  J.  M. 
Hewlett,  B.  C.  Hinman,  F.  1).  Dodge,  B.  J.  T.  Jeup,  W.  D.  Jones, 
J.  S.  Langthorn,  T.  Lyman,  W.  M.  Meserole,  J.  Middlcton.  J.  Nes- 
mith,  T.  S,  Perkins,  A.  J.  Provost,  R.  Raynor,  C.  B.  Rowland,  G. 
Rowland,  W.  W.  Share,  E.  Skinner,  G.  A.  Tibbals,  S.  G.  Tibbals,  W. 
L.  Tyler,  E.  Van  Dyck,  G.  J.  Volckening,  E.  R.  Von  Nardroff,  E. 
F.  Weekes;  Buffalo,  G.  Cary ;  Clinton,  C.  H.  Smyth;  (heitt  Falh,  A. 
8.  Post ;  Ithaca,  S.  B.  Newberry ;  Lfiuref  Hill,  W.  C  Ferguson  ;  Mont- 
m<x)r,  G.  M.  Muller;  New  Brighton,  C.  A.  Hollick  ;  New  Rochelle,  L. 
P.  De  Luze;  New  York  Citi/,  W.  C.  Adams,  A.  Agramonte,  S.  W. 
Andrews,  A.  Anthon,  W.  M.  Baldwin,  J.  H.  Banks,  A.  L.  Beebe,  E. 
Behr,  W.  L.  Benedict,  F.  A.  Benjamin,  M.  Benjamin,  W.  (t.  Berry, 
J.  R.  Bien,  A.  L.  Black,  O.  Bodelson,  R.  E.  Booraem,  R.  C.  Boyd,  S. 
R.  Bradley,  N.  L.  BritU)n,  F.  X.  Brosnan,  F.  G.  Brown,  J.  H.  B.* 
Browning,  W.  Bryce,  C.  R.  Buckley,  H.  Burden,  2d.,  A.  L.  Burns, 
E.  L.  Burns,  E.  R.  Bush,  N.  Butler,  W.  P.  Butler,  A.  Caiman, 
A.  C.  Canfield,  E.  P.  Carey,  J.  B.  Cauldwell,  C.  F.  Chandler,  J.  A. 
Church,  C.  E.  Colby,  S.  B.  Colt,  G.  B.  Cornell,  H.  C.  Cornwall,  J.  C. 
Cox,  F.  B.  Crocker,  A.  R.  Ciishman,  H.  G.  Darwin.  C.  H.  Davis,  H. 
W.  Davis,  A.  F.  Delafield,  J.  A.  Deghuee,  W.  B.  Devereux,  W.  A. 
Dodsworth,  J.  S.  Douglas,  A.  W.  Dow,  S.  B.  Downes,  I.  W.  Drum- 
mond,  W.  L.  Dusenberry,  E.  P.  Eastwick,  Jr.,  T.  Eglestoii,  W.  (}. 
Eliot,  A.  H.  Elliott,  W.  Elliott,  G.  E.  Fahys,  G.  A.  Ferguson,  C.  F. 
Ferrer,  H.  Feuchtwanger,  H.  Fish,  F.  W.  Floyd,  J.  W.  Frank,  E.  Frank- 
field,  W.  H.  Freedman,  L.  P.  Gratacap,  J.  L.  Greenleaf,  S.  P.  Griffin, 
L.  N.  Gross,  D.  F,  Haasis,  A.  W.  Hale,  R.  W.  Hall,  A.  P.  Hallock, 
C.  E.  Harding,  T.  H.  Harrington,  E.  M.  Hawkes,  O.  B.  Hebert,  A. 
M.  Heinsheimer,  H.  H.  Hendricks,  R.  W.  Hildreth,  E.  H.  Holden, 
W.  A.  Hooker,  J.  T.  Horn,  F.  F.  Hunt,  C.  Huntington,  F.  R.  Hutton, 
W.  C.  Illig,  O.  Jackson,  D.  M.  Jacobs,  S.  T.  Jacobs,  J.  H.  Janeway, 
C.  H.  Joiiet,  C.  P.  Karr,  J.  F.  Kemp,  J.  J.  Koch,  W.  B.  Kunhardt,  J. 
Lahey,  R.  I^ahey,  B.  B.  Lawrence,  D.  G.  Le^iTy^  G.  Leary,  E.  J.  Le- 
derle,  A.  R.  I^doux,  W.  P.  Little,  A.  R.  j^mugston,  E.  G.  Love,  L. 
McL  Luquer,  T.  T.  P.  Luquer,  G.  Lusk,  (J  V  ^\cKenna,  R.  A.  McKim, 
J.  Maclay,  C.  L.  McLoughlin,  L.  Marie,  '^*i}^T  .mx^^v^E.  W.  Manin, 
T.  M.R.  Meikleham,  J.  H.  Merritt,  H'  v^'  <i  >U>jeT,^.  H.  MiWer,  J. 
T.  Monell,  M.  R.  Montenegro,  D.  E.  Mo^  H-  \  >\ox?.wv,\^.Y. Morgan, 
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G.  W.  Morris,  A.  J.  Moses,  H.  S.  Munroe,  C.  E.  MuDsell,  A.  H.  Napier, 

J.  S.  Newberry,  E.  L.  Newhouse,  A.  C.  Nye,  M.  J.  O'Connor,  T.  D. 

O'Connor,  E.  E.  Olcott,  E.  A.  Oothout,  R  N.  Owen,  A.  McC.  Parker, 

H.  C.  Parker,  C.  F.  Parraga,  Henry  Parsons,  W.  B.  Parsons,  C.  E. 

Pellew,  J.  P.  Pennington,  G.  S.  Percival,  W.  Pistor,    L.  Pitkin,    H. 

H.  Porter,  Jr.,  A.  V.  Z.  Post,  E.  Randolph,  J.  C.  F.  Randolph,  J.  F. 

Randolph,  S.  A.  Reed,  B.   F.  Rees,  J.  K.  Rees,  G.   Renault,  C.  C. 

Restrepo,   J.   M.  Rich,  J.   C.  Richardson,  P.  de  P.  Ricketts,  P.  W. 

Ridsdale,  C.    M.  Rolker,  0.  N.   Rood,   R.    G.  Rood,  P.    Rupp,   F. 

Ruttnian,  E.  E.   Sage,  F.  A.    Schermerhorn,  W.  J.  Schieflflein,    C. 

Schumann,  H.  T.  Shriver,  F.  M.  Simonds,  A.  Smith,  F.    P.  Smith, 

L.  Smith,  M.  Smith,  T.  E.    Snook,  A.  N.  Spooner,  J.  Struthers,  G. 

A.  Suter,  H.  C.  Thompson,  W.  H.  Titus,  W.  P.  Trowbridge,  G.  R. 

Tuska,  J.  H.  Van  Amringe,  A.  H.  Van  Sinderin,  E.  Van  Volkenburgh. 

H.  T.  Vulte,  J.  H.  Wain  Wright,  A.  C.  Walbridge,  E.  E.  Waller,  N.  R. 

Ward,  W.  R.  Ware,  W.  H.  Weeks,  J.  S.  C.  Wells,  T.  O.  Wels,  W.  S. 

White,  H.   P.  Whitlock,   F.  Wiechmann,  J.  T.  Williams,  C.  A.  Witt- 
mack,  I.  H.  Woolson,  E.  L.  Young;   A^iagara  Falfitj  W.  S.  Humbert; 

Northporty  W.  H.   Ingersoll ;    (Mean,  E.   Harris;   Foughlceepsie,  A.  E. 

Tower;  Rm^h^tster^  T.  Nolan;  Sivg  Sing,  W.  S.  Page;   Sfmncafefetf,  F. 

M.  Thomas ;    Spuyten  Duyvil^  E.   M.  Johnson,  G.  H.  Johnson,  I.  B. 

Johnson;  Sterling,  E.  M.  Parrot;   Tarn/towti,  F.  N.  Holbrook,  B.  R. 

Value;   Utlca,  G.  M.    Williams;    White  Plaim,  H.  D.  Brewster,  R.  E. 

Slade;   Whitattone,  W.  0.  Wallace,  1).  W.  Ward;  Yoid-en,  S.  W.  Balch, 
•North  Caxolina.—(7AarZof/f,  S.  W.  Cramer,  G.  B.  Hanna;  Raleigh,  H. 

Lipps;  Salejn,  F.  R.  Bartlett;   Wilmington,  F.  S.  Clark. 

Ohio. — Cincinnati,  Q.  B.  Going,  J.  B.  Porter;  Cievdand^Ji.  F.  Jopling; 

R.  B.  Watson. 
Pennsylvania. — Allegheny,   L.   Wertheimer;    Altoona,    W.    M.    Davis; 

Ambler,  E.  Luttgen  ;  BethUhem,  A.  L.  Colby,  McKee»port,  T.  Tonnell ; 

Osceola  Mills,  T.  J.  Brereton,  G.  McH.  Good;  Philadelphia,  C.  S.  Allen, 

E.  A.  Congdon,  E.  Cudeman,  8.  M.  Lillie ;  Phoenixville,  R.  H.  Vondy; 

PUtsburgh,  T.  M.  Hopke,  C.  B.  Judd,  D.  E.  Kellogg,  R.  G.  G.  Mol- 

denke,  G.  S.  Page,  C.  A.  Painter,  G.  E.  Painter,  E.  Singer,  G.  H. 

Singer;   Scranton,  E.  S.  Moffatt;    Wilkesharre,  R.  V.  A.  Norris. 
South  C&,Vo\\nB,.— Charleston,  P.  E.  Chazal. 
Tennessee.— }F/ti'/«7^/?,  J.  J.  Ormsbee. 
Texas.— AiZ/fi*,  W.  Fisher  ;  Eagle  Pass,  W.  Hollis,  E.  G.  Tuttle;  El  Paso, 

D.  W.  Reckhardt ;  Xeiv  Birniifigham,  A.  S.  Mahony ;  Sluifter,  W.  S. 

Noyes. 
Utah. — Jensen,  A.  G.  Johnson ;  Park  City,  W.  A.  Wilson ;  Salt  Lake  Oity^ 

H.  W.  Leavens,  R.  H.  Terlinne. 
Virgrinia. — Coebnm,  H.  D.  Conant;  Richmond,  R.  P.  Mullen. 
West  Yirgmia..— Franklin,  T.  W.  Osterheld. 
Wisconsin.— i^wrZ^,  G.  H.  Abeel. 
Wyoming.— Rollings,  C.  E.  Blydenburgh. 
Washingrton.— racoma,  H.  S.  Kissam,  G.   F.   Milliken;  Seattle,  C.  G. 

Slack,  T.  L.  Warner. 
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OUT  OF  THE  UNITED  STATES. 

AUSTRALIA, 
New  South  Wales. — Randolph  Adams. 

EUROPE. 

Austria. —  Vienna,  L.  R.  Nettre. 
Enerland. — London,  F.  M.  Watson. 
Germany. — BerUn,  C.  H.  Torrey. 

NORTH  AMERICA. 

British  Columbia. — Revehatoke,  F.  Roeser. 

Canada. — Golden,  S.  S.  Fowler;  Monfretd,  C.  E.  Gudewill;   Quebttc,  R.  D. 
Rhodes. 

SOUTH  AMERICA. 

Argrentine  Republic. — R.  Mulford. 

Bra^zil. — Rio  de  Janeiro,  John  Gordon. 

CY^L^.—Antofaga8ta,  A.  F.  Wendt. 

Peru. — Lima,  R.  Peele,  Jr. 

United  States  of  Colombia,  S.  A,—Cana,  E.  N.  Van  Cortlandt. 

CENTRAL  AMERICA. 

Costa  Rica. — Ptnitarenas,  P.  LeR.  Fearn. 

Cuba. — Cardenas,  D.  L.  Clark:  Cietifuegos,  A.  C.  Fowler;  Matanztta,  Y.  Y. 

Polledo. 
Guatemala. — Qnezaltenang,  J.  F.  Hawley. 
Hondura.8. — Tegncigidpa,  E.  C.  Fiallos. 
Mexico. — Coahnila,  J.  J.  MacTeague,  E.  G.  Tuttle;  City  of  Mexico,  V.  M. 

Braschi ;  Sinnloa,  A.  E.  Swain  ;  Sierra  Mqjada,  E.  Howe  ;   Tapachula 

Chiapas,  J.  A.  Navarro;   Concepcion  del  Oro,  A.  W.  Lilliendahl,  F.  A. 

Lilliendahl. 

AFRICA. 

Bfirypt— fbr«  Tewfiz,  E.  B.  Gosling. 


C 


THE  BISHOP  GUTTAPERCHA  CO. 

420-426  East  25th  St.,  New  York. 


The  Oldest  Manufacturers  of  INSULATED  WIRE 
in  the  United  States. 


Makes  a   Specialty  of    Highest  Grades  of 

INSULATION 

For  all  purposes  —  at  Reasonable  Prices. 
HENRY  A.  REED,  Secretary  and  Manager. 


WOODBRIDGE  SCHOOL, 


FORMERLY 


School  of  Mines  Preparatory  School. 


645  Madison  Avenue, 

Between  59th  and  60th  Streets,    -    -    New  York  City. 


HI 
INTRODUCTORY  TO  ALL  COLLEGES 


J.  WOODBRIDGE  DaVIS,  C.E.,  Ph.D., 


PRINCIPAL. 


Eleventh  Year  Begins  October  3d,  1892. 

SUMMER  SESSION. 

A  Summer  Session  to  prepare  students  in  Mathematics,  Sciences, 
Languages,  etc.,  for  entrance  to  the  School  of  Mines,  and  for  ad- 
vanced  standing   in    ELECTRICAL    ENGINEERING,  and 

other  courses,  begins  August  15,  1892. 


Four  hundred   Students  of  Columbia  School   of  Mines  have  been 
instructed  in  the  VVoodbridge  School. 
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